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PRECEDING PAGE BLANK NOT FILMED

FOREWORD

The work reported herein was sponsored by Marshall
Space Flight Center (MSFC), National Aeronautics and Space
Administration (NASA). The results of tests were obtained
by ARO, Inc. (a subsidiary of Sverdrup & Parcel and Associates,
Inc.), contract operator of the Arnold Engineering Development
Center (AEDC), Air Force Systems Command (AFSC), Arnold Air

Force Station, Tennessee.

An extensive experimental investigation was conducted at
various wind tunnels of the von Karman Gas Dynamics Facility
(VKF), AEDC, on various space shuttle configurations for
various Mach numbers over a large Reynolds number range. This
report contains heat transfer results for the McDonnell Douglas
delta wing orbiter which was tested in the VKF, Hypervelocity
Wind Tunnel F. An additional SADSAC report is availabie from
the VKF-Tunnel F facility which documents test results from

two delta wing configurations.
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ABSTRACT

Heat transfer tests for the McDonnell Douglas delta wing
orbiter were conducted at the Arnold Engineering Development
Center (AEDC), von Karman Gas Dynamics Facility (VKF) in the
Hypervelocity Wind Tunnel F. A 1.1 percent scale model was
tested at a Mach number of approximately 10.5 over an angle
of attack range from 10 to 60 degrees over a 1ength Reynolds
number range from 5 x 106 to 24 x 106 during the time period
from May 4 to June 4, 1971. Heat transfer results were
obtained from model surface heat gage measurements and
thermographic phosphor paint. Limited pressure measurements
were obtained.
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ALPHA

C

o

I

HO
HREF or
ref

Hy,

J or L

M-INF, MACH,

or M

(73]

p

P-INF or p,,
PO

POP
POT1,2,3

Q- INF

Q or 4

QO or qre[

.
n

RE/FT or
Re,/ft.

RE/L, RE-L,
or Reoo’ )

RHO~INF

NOMENCLATURE

Model angle of attack, deg.

Form of Chapman-Rubesin viscosity coefficient,
Goy/1,) (T, 7 Ty)

Model heat transfer coefficient, Q/(TO-T,),
Btu/tt2-sec-°R

Stagnation enthalpy, Btu/lbm

Reference heat transfer coefficient, QO/(TO- Ty),
Btu/ft2-sec-°R

Enthalpy at model wall temperature (T,), Btu/lbm
21.35 in.

Axial length of model, (See Figure 3)

Free-stream Mach number

Pressure, psia

Free-stream pressurc, psia
Reservoir pressure, psia

Pitot pressure measured at the test section, psia
Survey rake pressure, psia
Free-stream dynamic pressure, psia
Model heat transfer rate, Btu/ft2-sec.

Stagnation heat transfer rate based on a hemi-
sphere radius of 0.132 inches for the MDAC-DWO
model. A l-foot sphere radius scaled to 0.011l
model scale (MDAC-DWO model scale) corresponds
to a radius of 0.132 in.

Model prolile nose radius, 0.225 in.

Reynolds number based on free-stream conditions
and a 1l-foot length

Reynolds number based on free-stream conditions
and model length (21.35 in.)

Free-stream density, lbm/ft3
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STO Stagnation Stanton number, QO/ (RHO-INF) (U-INF) (HO- Hy)

TIME or T Test section time, milliseconds

T-INF or T, Free-stream temperature, °©R

TO Reservoir temperature, ©R

Ty Temperature at model wall, =540°R

U-INF Free-stream velocity, ft/secc.

V-INF Hypersonic viscous parameter, Mm(Cw)l/z/(Rew p)l/2

» 4

x or X Axial distance from the model nose, positive
downstream, in. (See Figure 3)

y or Y Lateral distance from the vertical centerline,
positive out right wing, in. (See Figure 3)

Ymax ©F Local semi-span at a given model station, in.

YMAX (See Figure 3)

z! The height to a given point measured from the
bottom of the model at a given station, in.
(See Figure 3)

z' ax Local model height at a given station (excluding

m vertical tail), in. (See Figure 3)

Q Angle of attack, deg.

My Gas viscosity at model wall

W, Gas viscosity in free stream
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INSTRUMENTATION CODE

Examples

Hedt Transfer

Station 1900

7~

QT 19A

The "A" Ray Off Top Centerline

Top Surface

Pressure

Station 500

PB5
\\\L———————— Bottom Surface

Heat Transfer Rate

///w Station 1550
QW15.5R

\ Reference Location (another gage
at same distance off centerline)
Wing (top) Surface

See Figures 3 and 4 for gage layout and
Table I for gage locations
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I. INTRODUCTION

lHeat transfer tests of the McDonnell Douglas delta Qing
orbiter were sponsored by the Marshall Space Flight Center
(MSKFC) at Arnold Engineering Development Center (AEDC) . A
1.1l percent scale mbdel was tested in Tunnel F at the AEDC-
von Karman Gas Dynamics Facility (VKF), during the time
period trom May 4 to June 4, 1971. The purpose of this test
was to obtain heat-transter distributions over the complete
orbiter configuration at flight Reynolds numbers and to
investigate the onset of transition and the transition zone
over a large Reynolds number range. Heat transfer results
were obtained from detailed instrumentation measurements and
a thermographic phosphor paint technique. Limited pressure
measurements were obtained during the tunnel entry. . Data
were obtained at a Mach number of approximately 10.5 over a
Reynolds number range from 5.0 X 106 to 24.0 x 106, based
on model length. Limited results were obtained at Mach
Number 11.5 for a lower Reynolds number range. The model was
tested over an angle of attack range from 10 to 60 degrees
with phosphor paint results either on the side, top, or

bottom surface for selected runs.



II. APPARATUS

2.1 Wind Tunnel.

The Hypervelocity Wind Tunnel F (Figure 1) is an electric-
arc-heated impulse hypersonic wind tunnel of the hotshot type
developed at AEDC. The test gas, nitrogen or air, is initially
confined in an arc chamber by a diaphragm located near thec
throat of a convergent-divergent nozzle. For the present
tests, nitrogen was used as the test gas. The gas is healed
and compressed by an electric arc discharge resulting in
rupture of the diaphragm and subsequent expansion Lhrough a
4-degrec half-angle conical nozzle to a maximum diamcter of
108 inches. Testing is possible at either the maximum diameter
for Mach numbers from 13 to 22 or at the 54-inch diameter
station for Mach numbers from 10 to 17. Useful runs times
between 50 and 200 msec. are obtained. The present tests
were conducted at the 54-inch diameter station with a useful
run time of approximately 100 msec. utilizing the 4-cubic-foot

arc chamber.

2.2 Model.

A 1.1 percent scale model of the McDonnell Douglas
(MDAC) delta wing orbiter (DWO) mounted on the support sting
in Tunnel F is shown in Figure 2. The axial modcl length
exposed on the lower surface centerline, including the elcvon
and body flap, is 21.35 inches. The body flap and clcvon were
at O-degree deflection and fabricated as a continuous surlace
with the fuselage lower surface. There were no breaks or
gaps where the full-scale body flap and elevon hinge lines
are located. In addition, the vertical tail and rudder were
fabricated as one continuous surface in the undeflected
position. The model fabrication consisted of a stainless
steel lower surface up to the model reference planc (Sce

Figures 2 and 3) with the fuselage upper body and vertical



rin made of a FiberglasR composition. A complete layout of
the model showing all instrumentation locations is shown in
Figurce 3. The model was constructed at AEDC from loft lines
supplied by McDonnell Douglas (Drawing No. 255BJ00050, Rev. B).
Cross-sections at all instrumented stations are illustrated
in Figure 4. The model dimensions corresponding to the
instrumented cross-section views are tabulated in Table I.
The SADSAC number tabulated in Table I corresponds to thé
gage location on magentic tape. For two selected runs a
'three—point pitot survey was obtained at Station 2000. De-
tails of the survey rake are illustrated in Figure 5. In
addition, the model geometry is illustrated in SADSAC format
in Appendix I.

2.3 Inﬁtrumentation.

Model heat transfer rates were measured with slug
calorimeters and coaxial surface thermocouples. The slug
calorimeters have a thin-film platinum resistance thermometer
to sense the temperature of an aluminum disk which is exposed
to the heat flux to be measured. The calorimeters are opti-
mized to measure a given range of heat transfer by appropriate
selection of the aluminum disk thickness. The coaxial surface
thermocouple is comprised of an electrically insulated chromel
wire enclosed in a constantan cylindrical jacket. A thin film
junction is made between the chromel and constantan at the
surlace. In practical measurement applications, the surface
thermocouple behaves as a homogeneous, one-dimensional, semi-
infinite solid. The instrument provides an electromotive
force (E.M.F.) directly proportional to surface temperature
which may be related by theory to the incident heat flux.

All heat-transfer gages were bench calibrated prior to their
installation into the model. The precision of these cali-
brations is estimated to be *3 percent. Post test calibrations
were made for the majority of gages with calibration repeat-
ability being within *3 percent.



To monitor the tunnel conditions, two | .0-inch diameter
hemisphere cylinders instrumented with slug calorimeters were
installed in the test section at an appropriate distance from
the model to eliminate shock interference. A pitot probe
was located near each hemisphere cylinder to measure the
normal shock stagnation presSure. The reservoir pressure
and pitot pressures were measured with strain-gage type
transducers developed at the AEDC-VKF. Detailed information
concerning the heat-transfer and pressure instrumentation

can be found in Reference 1.

Model flow-field Schlieren photographs were obtained
during the test. A typical photograph is shown in Figurc 6
with the model at 10 degrees angle of attack.

2.4 Phosphor Paint Requirements.

The following is a discussion of the equipment uscd

to obtain the thermographic phosphor paint data.

2.4.1 Ultraviolet Light Sources.

The ultraviolet light needed to excite the phospho-
rescence of the paint was generated by an Osram Xenon gas

bulb XBO 1600w powered by an Ingersol! Product d.c. supply.

Three units were used for these tests. Each unit had
a heat-absorbing glass and filter 1o eliminate all bul the
3650 A (black light) wave length light.

2.4.2 Camera.

Four view-cameras with 4- x 5-inch Polaroid backs wcerce
used to record the pictures: two with 145mm lens were
located on the side of the tunnel and two with L63mm lens
were on the bottom. Each camera had a set of filters to
pass only the 5000 to 6000 A light emitted by the paint.
~Type 57 Polaroid (ASA 3000) film was used to record the
image .



2.4.3 Microdensitometer.

The optical density distributions of the pictures were
read and recorded on a magnetic tape by a P- 1000 PhotoscanR
manufactured by Optronics International. The Photoscan is
owned by the Biology Division of Oak Ridge National Laboratory.
The data on the magnetic tapes were input to the VKF CDC. 1604B
computer which was used to create contour mappings of heat-

transfer rate.

III. PROCEDURES

3.1 Test Techniques.

3.1.1 Model Installation.

The McDonnell-Douglas delta wing orbiter was tested over
an angle of attack range from 10 to 60 degrees. Two tunnel
runs were required to provide a continuous Reynolds number
variation from 24 x 106 to 5 x 10® based on model length at
a fixed angle of attack. Typically, the high Reynolds number
range run was made with the model lower surface up, and the
low Reynolds number range run was made with the model lower
surface down at the same model angle of attack. This procedure
provided camera coverage for the phosphor paint technique on
ihe model top, side, and lower surface at the same angle of
attack. The painted surface locations are summarized in
Table II. |

The sector angle range at the 54-inch diameter test
section is *20 degrees. Consequently, a prebend was required
for the high angles of attack. 1In addition, the model sting
had an effective 20-degree insert angle. The two sting
arrangements used for these tests are illustrated in Figures
7 and 8. For angles of attack up to and including 40 degrees,

the sting arrangement illustrated in Figure 7 was used. For



angles of attack equal to and greater than 40 degrees, the
installation shown in Figure 8 was used. Both sting instal-

lations were used at 40 degrees angle of attack.

3.1.2 Testing with Phosphor Paint.

The test section set-up with the shuttle model is shown
in Figure 9. The locations of the Osram u-v light sources
and still cameras are depicted. It was necessary to locate
the two side cameras at the downstream end of the Schlieren
windows to allow Schlieren optical coverage. The Osram light
on the top of the tunnel had to be reflected onto the model
because of the limited space between the tunnel and an over-

head I-beam support for the Schlieren system.

The phosphorescent paint technique consists of photo-
graphing the painted model surface and measuring the optical
density of the recorded image. The optical density of a
photographic image is a function of the logarithm of the
intensity of the exposure, for a given exposure time

(Reterence 2), as illustrated by the tigure below.

D

Optical Density,

|_‘__.___——-—~ Linear Region

Thus, if the exposure from the phosphorescent paint falls
within the linear region (i.e., logarithmically linear), Lhe

optical density (D) is given by



D = AfnB + C
From the paint characteristics

4nB = 4n £, (I) + £2(I, Ty);

therefore,

D = A/n fl(I) + Afo(I, T,) + C
‘ I
“where 1 is the u-v light intensity, B is the emitted light

intensity (brightness) of the paint, and A and C are con-
stants. For small changes in intensity (I), the functional

relation fo is given by
fo(I, Ty) « Ty

thn‘using the phosphorescent technique in the wind tunnel,
the procedure is to take a photograph of the model before the
tunnel run (i.e., a tare) and then take another picture during
the run. It is necessary that both pictures be taken in the
"linear'" region of the optical density curve. When the
optical density of the tare photograph is subtracted from the
optical density of the run photogréph,

D - Di « (TW—TWi)

where the subscript i indicates the initial conditions; i.e.,

the tare photograph taken before the run.

It can be shown that the quantity (Ty - Tyi) is pro-
portional to the heat-transfer rate to the model surface,
for T, << Tay, and relatively short heating times (Z 1 second)
regardless of whether the "heat-transfer model' assumed for
the technique is a semi-infinite slab'(éither a relatively
thick layer of paint or a thin layer of paint mounted on a
" thick layer of material) or an infinite plate. This, of

course, means that the optical density difference, D - Dj,



is then proportional to the model heat-transfer rate.

D - Dj;

1=AD0:Ci

The best way of evaluating the constant of proportion-
ality is to measure a few heat-transfer rates with standard
heat -transfer instrumentation at the same time the paint data
arc taken. Heat-transfer rate as determined from gages gives
a calibration for the paint, so the paint data yicld the

detailed heat-transfer-rate distribution over the model.

3.1.2.1 Wall Material.

The phosphor paint is applied as a thin coating to the
model; therefore, the model wall material must be selected
to give an observable temperature rise for the expected heat-
transter rate. The wall material selection, many times, is
based on other things such as strength; hence, when the model
material is not suitable to the paint technique, coatings

are applied to produce the proper surface properties.

3.1.2.2 Phosphor Application.

The phosphor paint is a mixture of the phosphor material
and a binder. The phosphor material is a fine grain powder
(~ 10y average size) of ZCdS (zinc-cadium-sulfate) with
silver and nickel additives whose concentration control the
temperature range of the phosphorescence. The binder can be
any transparent or translucent liquid which can be sprayed.
Normally, clear dope or epoxy is used.

3.2 Test Conditions.

A summary of the test conditions is given in Table II.
A complete tabulation of all pertinent tunnel conditions is
given in the Appendixes. In summary, the majority of tesls
were conducted at an approximate Mach number of 10.5 over a
Reynolds number range from 5 x 106 to 24 x 106 based on model
length.



3.3 Data Reduction.

3.3.1 Model Instrumentation and Tunnel C&nditions.

A complete description of the data reduction equations
for the heat-transfer and pressure transducers is given in
Reference 1. The method of determining flow conditions is
briefly summarized as follows: dinstantaneous values of PO
and POP are measured and an instantaneous value of QO is
inferred from a direct measurement of a shoulder heat rate
on a 1.0-inch diameter hemisphere cylinder heat probe.
Velocity, hence enthalpy (HO), is calculated from measured
values of POP, QO, and the heat probe radius, using Fay-
Riddell theory, Reference 3. With valués of PO, POP, and
HO known, the remaining flow conditions (M,, Re, /ft., etc.)
are calculated as described in References 4 and 5. The HREF
(heat transfer coefficient) value reported herein is based
on the inferred QO value as described above. Since the
Fay-Riddell equation is used to calculate HO with a known
value of QO, the value of HREF tabulated herein is consistent
with a Fay-Riddell value for the given test conditions. For
the short run times experienced in a hotshot tunnel, the
model wall temperature ratio (Ty/TO) varied between 0.15 and
0.30, which approximates the condition of practical interest
of reentry vehicles.

3.3.2 Thermographic Phosphor Paint.

The optical density distribdtions on the tare and run
picturés are read and recorded by the scanning microdensito—
meter. The tare density is subtracted from the run-denéity
on the VKF-CDC 1604B digital computer, and the density dif-
ferences are plotted on a CRT plotter (one density difference
per plot). Each plot (i.e., density difference) is assigned
‘a color and copied by hand in that color so that a color
composite of all the plots is made. The boundaries of the
colors are retraced, and the reference heat gages and model
outline are located on this tracing.



The heat gage measurements and the optical density
differences are plofted to obtain a relationship between the
two. The relationship gives the heat-transfer values corre-
sponding to the color regions. These values are noted on the
color tracing, thereby resulting in a contour mapping of the
heat-transfer rates on the model.

The model image is distorted by the viewing angle of the
camera. This distorted view is reflected in the final con-
tour mapping presented in Appendix IV. However, all plots
from the paint results are in a true normal projection, since
the heat transfer gage locations were used to scale the
centerline and span results that are plotted herein.

IV. DATA PRESENTATION

The following data presentation is presented in the
Appendixes:

I. Model Component Description (SADSAC Format)

II. Tabulation of Gage Measurements and Tunnel
Conditions

III. Selected Top and Bottom Surface Centerline
Plots of Gage Measurement Results

IV. Selected Plots of Heat-Transfer Results
Using the Phosphor Paint Technique

Table IIT, Page 25-a presents a summery index of the asbove plotted

data.
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Model Aft Region Attachment

Screws

Sting

KJ‘\_ Knife
Model / 0. 80 Edge. LT5

Lower Surface

be——2.50———+

Knife Edge

Station .
2000 Pitot Pressure Tube

Locations Normal to Model Surface

POT1 - 0.50 in.
POT2 - 0.75 in.
POT3 - 1.00 in.

Note: 1. Survey rake is located along model centerline at
Station 2000, x/£ =0.916, and y = 0.

2. Maximum thickness of rake exposed to flow is 0.25 in.

Fig. 5 Details of the Pitot Pressure Survey Rake for the Tunnel F MDAC-DWO Model
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T Tunnel Wall

Fig. 7 Installation of the MDAC-DWO Model in

Tunnel F at 40 deg Angle of Attack
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Fig. 8 Installation of the MDAC-DWO Model in
Tunne! F at 60 deg Angle of Attack
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Mirror

Still Cameras
: odel Side
az Coverage
—
. Schlieren mg
Coverage || . Still Cameras,
145-mm Lens
45 deg (Typ.)
. Osram Still Cameras, 163-mm Lens
(Xenon Gas
Lamp, Typ.) (Model Top or Lower

Surface Coverage)

Equipment Set-Up for the Phosphor Paint Technique
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TABLE 1

INSTRUMENTATION LOCATIONS FOR THE TUNNEL F MDAC-DWO MODEL

Pressure Sensors, Lower Surface

SADSAC

No. Statlon JGage
1 500 PBS
2 1133 PBLlL.
3 Pi3Ll
4 Pull.
5 1500 PBL5
6 2000 PB20

Pressure Sensors, Top Surface

SADSAC

_No. Station Gave
7 1200 PT12
8 1700 PT17

Pressure Scnsors, Flow Fileld

SADSAC
No. Station Gage
9 2000 PoOT1
10 ! POT2
11 POT3

Heat Transfer Scensors, Lower Surtface

SADSAC

No . Station Gape

1 300 QB3

2 350 QB3.5

3 400 QB4

4 600 Qu6

5 800 QB8

6 QB8A

7 950 QB9 .5

8 1100 QB11

9 QB11A
10 QBl11B
11 1200 QB12

12 1300 QB13

13 1400 QB1l4

14 ) QB14B
15 1550 QB15.5
16 QR15.5R
17 QB15.56A
18 QB15.5C
19 QB15.5D
20 1700 QB17
21 1800 QBI8E
22 1900 QB19

23 QB19R
24 QB19A
25 QB198
26 QB1l9D
27 QB19YE
28 2100 QB21

29 QuB21B
30 QB21D
31 QB21E

23

5.00

. x, in. x/1 y, in. ¥/ Ymax
3.05 0.143 (4] 0
3 10.00 0.469 o o
L3A 10.00 0.469 1.00 0.465
38 10.00 0.469 2.08 0.967
14.05 0.658 o °
19.55 0.916 [v] 0
x, in. x/ £ y, in. y/Ymax
10.75 0.503 0 V]
16 .25 0.761 (o] (4]
YP, in.
0.50 ‘
0.75
1.00
x, in. x/ L y, in. ¥/ Ymax z, in. z/zmax
0.85 0.040 0 0 (1] 1]
1.40 0.065 0 o .0 o
1.95 -0.091 1] [+] (4] (4]
4.15 0.194 o (o] (4] 0
6.35 0.297 1] 4] v V]
6.35 0.297 1.00 0.59 0.13 0.042
8 .00 0.374 0 (1) [+]
9.65 0.452 o o 0 o
9.65 0.452 1.00 0 .48 0.05 0.012
9.65 0.452 1.60 0.77 0.20 0.050
10.75 0.503 0 0 o 0
11.85 0.555 o 0 0 (1)
12.95 0.606 0 1] o 0
12 .95 0.606 1.60 0.56 0.06 0.015
14 .60 0.684 0 0 0 0
14 .60 0.684 1.00 0.27 0 0
14 .60 0.684 1.00 0.27 o 0
14 .60 0.684 2.25 0.62 0.18 0.045
14 .60 0.684 3.00 0.82 0.45 0.112
16 .25 0.761 0 (4 o 0
17 .35 0.813 5.00 0.91 1.23 0.305
18 .45 0.864 0 0 1) (4]
18 .45 0.864 1.00 0.17 0 (1]
18 .45 0.864 1.00 0.17 0 0
18 .45 0.864 1.60 0.27 0 [s]
18 .45 0 .864 3.00 0.50 0.24 0.060
18 .45 0.864 5.00 0 .84 0.66 0.165
20.65 0.967 0 0 [1)
20.65 0.967 1.60 0.25 0.04 0.17
20.65 0.967 3.00 0 .47 0.27 1.13
20.65 0.967 0.78 0.62 2.58



TABLE 1

(Concluded)
Heat Transfer Sensors, Top Surface
SADSAC
No. Station Gage X, in. x/ 8 y, in. y/ymax z, in. z/zZmax
32 400 QT4 1.95 0.091 0 0 1.27 1.00
33 600 QT6 4.15 0.194 0 0 2.25 1.00
34 800 QT8 6 .35 0.297 0 0 3.13 1.00
35 QT8C 6 .35 0.297 1.18 0.69 1 .84 0 .59
36 1100 QT11 9.65 0.452 0 0 4.02 1.00
37 QT11A 9.65 0.452 0.81 0.389 3.67 0.91
38 QT11B 8.65 0.452 1.22 0.587 2.77 0.69
39 QT11C . 9.65 0.452 1.43 0.687 1.87 0.47
40 1550 QT15.5 14 .60 0.684 0 0 4 .02 1.00
41 QT15.5A 14 .60 0.684 0.81 0.221 3.67 0.91
42 QT15.5B 14 .60 0.684 1.22 0.333 2.77 0.69
43 QT15.5C 14 .60 0.684 1.43 0.391 1.87 0 .47
44 QW15.5A 14 .60 0.684 2.75 0.751 1.03 0.25
45 QW15.5R 14 .60 0.684 2.75 0.751 1.03 0.25
46 1800 QT18 17.35 0.813 0 0 4.02 1.00
47 1900 QT19A 18 .45 0 .864 0.80 0.134 3.63 0.91
48 QT19B 18 .45 0 .864 1.20 0.200 2.73 0.69
49 QT19C 18 .45 0 .864 1.37 0.229 1.83 0 .46
50 QW19A 18 .45 0 .864 2.70 0.451 0.85 0.21

51 QW19B 18 .45 0.864 4.43 0.741 1.11 - 0.28



TEST SUMMARY FOR THE TUNNEL F MDAC-DWO MODEL

TABLE II

Model Phosphor Final

Orien- Paint Paint
a, Deg. Run ~ Moo ~Réw, ¢ tation# Area Picture
10.0 3654 10.0 8-22 x 108 U ‘1, 3 1, 3
10.0 3656 10.2 8 x 106 D 1, 2, 3 side
20.0 3650 10 .4 6-10 x 108 D 1, 2, 3 3
20.0 3651 10.7 10-20 x 10° D 1, 2, 3 2, 3
20.0 3652*  10.3 9 x 106 U 1, 3 1, 3
25.0 3667 11.2  2-6 x 10° D 1, 2, 3 2
30.0 3653 10 .4 7-20 x 108 U 1,3 1, 3
30.2 3655  10.5  5-17 x 108 D 1, 2, 3 2, 3
40.5 3657 10 .4 9-11 x 106 U 1, 3 1, 3
40.2 3661  10.5  6-13 x 10° D 1, 2, 3 2
45.0 3660 11.9  7-10 x 108 D 1, 2,3 3
45 .2 3662 11 .4 2-5 106 D 1, 2, 3 2
45.0 3663 11.8 3-9 10% D 1, 2, 3 2
51.0 3659 10.7 7-22 x 10° U 1, 3 1, 3
50 .2 3664 10.5 5-9 10% D 1, 2, 3 2, 3
60.5 3658* 10.6 6-24 x 109 U 1, 3 -
60 .2 3665 10 .4 5-11 x 10° D 1, 2, 3 3
*Model Orientatioﬂ: D. ModeliLower Sufface'Down Toward

Model Lower Surface Up Toward

" Tunnel Floor

Tunnel Ceiling

*Three point Pitot Survey

Phosphor Paint Legend: 1 - Fuselage Top and Wing Top

2 - Entire Lower Surface
3 - Fuselage Side and Vertical Tail
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TABLE III.
SUMMARY DATA PLOT INDEX

MODEL
CONFIGURATION

DATA

REYNOLDS NUMBER, Re/L X 10°

ANGLE OF ATTACK-DEGREES

2 3 k5 6 7 8 9 10 11 13 17T 20 22 24

10 20 25 30 ko 45 50 60

MDAC-ORBITER

-MDAC-ORBITER

X
X

el R R N

"4
M

P D

MDAC-ORBITER

MDAC-ORBITER

>4

25-8




TABLE III
SUMMARY DATA PLOT INDEX
(Continued)
REYNOLDS NUMBER, Re/L X 1P ANGLE OF ATTACX-DEGREES
MODEL PLOTTED
CONFIGURATTI(N DATA PAGE 2 3 4 5 6 7 8 9 10 11 13 1T 20 22 24 | 10 20 25 30 4o 45 50 60
MDAC-ORBLTER B 71 X X X
, T1 X X X
72 X X
72 X X X
73 X X
73 X X X
Th X X X
Th X X X
75 X X X
75 X X X
76 X X X
76 X : X
| MDAC-ORBITER B 7 X X X
ORB, SIDE c 79 X X
SIDE D 80 X X
BOTTOM c 81 X X
SIDE (o] 82 X X
SIDE D 83 X X
TOP c 8k X X
SIDE c 85 X X
SIDE D 86 X X
TOP c 87 X X
SIDE D 88 X X
SIDE D 89 X X
TOP - C. 90 X X
SIDE c 91 X X
SIDE D 92 X X
BOTTOM C 93 X X
SIDE c ok . X X
SIDE D 95 X X
SIDE c 96 X X
SIDE D 97 X X
TOP c 98 X X
SIDE c 99 X X
ORB. SIDE D 100 X X
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TABLE ITI
SUMMARY DATA PLOT INDEX
(Concluded)
REYNOLDS NUMBER Re/L X 106 ANGLE OF ATTACK-DEGREES
MODEL PLOTTED
CONFIGURATION DATA PAGE 2 34 5 6 7T 8 9 10 11 13 1T 20 22 24 J10 20 25 30 4O 45 50 60
ORB. TOP c 101 X X
SIDE c 102 X X
SIDE D 103 X X
SIDE c 10k X X
SIDE D 105 X X
BOTTOM c 106 X X
BOTTOM D 107 X X
BOTTOM c 108 X X
BOTTOM D 109 b ¢ X
BOTTOM c 110 "X X
BOTTOM D 111 X X
BOTTOM c 112 X X
SIDE c 113 X X
SIDE D 114 X X
SIDE c 115 X X
SIDE D 116 X _ X
BOTTOM c 17 | x X S
ORB. BOTTOM D 18 | X : X &
A GAGE C: PAINT

B: PRESSURE D:  PAINT-GAGE



APPENDIX I

'MODEL COMPONENT DESCRIPTION (SADSAC FORMAT)
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MODEL COMPONENT DESCRIPTION
(SADSAC FORMAT)

MODEL COMPONENT: BODY - MDAC Orbiter

GENERAL DESCRIPTION: Basic fuselage contours including canopy.

model écale: 0.011

DRAWING NUMBER: " 255 BJ 00050, Rev. B

DIMENSIONS : FULL-SCALE MODEL SCALE
Length (ft.) 156.4 . . _1.720
Max. Width - 27.1 .298
Max. Depth : 30.3 .333

Fineness Ratio

Area (£t2)
Max. Cross-Sectional 627 .4 © .0759
Planform ' : . 3790.0 .459
Wetted | 12520.0 1,515
Base : 447 .0 .0541

NOTE: All units are ft. or sq. ft.
This data includes both sides of the vehicle.
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"MODEL COMPONENT: Elevon - MDAC Orbiter

GENERAL DESCRIPTION: Model Scale: 0.011

DRAWING NUMBER:

DIMENSIONS:

Area , £t2
Span (equivalent) , ft.

. Inb'd equivalent chord, ft.
Outb'd equivalent chord., ft.

Ratio Elevator chord/horizontal
tail chord '

At Inb'd equiv. chord

At Outb'd equiv. chord
Sweep Back Angles, degrees

Leading Edge

Tailing Edge

Hingeline

Area Moment (Normal to hinge line)

NOTE:

28

255 BJ 00050, Rev. B

FULL-SCALE

- 963.0

73.7

12.8

12.8

All units are ft., sq. ft., or degrecs,.
This data includes both sides of vehicle.

MODEL SCALE

et e e g

.117

.811

.141

.141




"MODEL COMPONENT:  Body Flap - MDAC Orbiter

GENERAL DESCRIPTION: Model Scale: 0.011

i

DRAWING NUMBER: 255 BJ 00050, Rev. B

DIMENSIONS : : - ~ FULL-SCALE MODEL SCALE
Area , ft2 ' 140.88 .0170
Span (equivalent) , ft. - 23.81 .262
Inb'd equivalent chord, ft. 5.333 .0587
OQutb'd equivalent chord', ft. 12.80 - - .J141

Ratio Elevator chord/horizontal
tail chord :

At Inb'd equiv. chord
At Outb'd equiv. chord

Sweep Back Angles, degrees

Leading Edge 0.0 0.0
Tailing Edge A , 0.0 - 0.0
Hingeline 0.0 | 0.0

Area Moment (Normal to hinge line)

NOTE: All dimensions in ft., éq. ft., or degrees.
This data includes both sides of vehicle.:
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~ MODEL COMPONENT: WING - MDAC Orbiter

GENERAL DESCRIPTION: _ Model Scale: 0.011

DRAWING NUMBER: 255 BJ 00050, Rev. B
DIMENSIONS: . FULL-SCALE
TOTAL DATA
Area , ft2 :
Planform 5330,
Wetted
Span (equivalent) £+, 97.5
Aspect Ratio 1,68
Rate of Taper
Taper Ratio 0,230
Diehedral Angle, degreces 10,0
Incidence Angle, degrees 2.0
Aerodynamic Twist, degrees 0
Toe-In Angle 0
Cant Angle 0
Sweep Back Angles, degrees ‘
Leading Edge 55,0
Trailing Edge 0
0.25 Element Line 47.0
Chords: (ft.) :
Root ?Hng Sta. 0.0) 90.43
- Tip, (equivalent) 20.80
MAC g 63.30
Fus. Sta. of .25 MAC
W.P. of .25 MAC
Airfoil Section
" Root ' 0010-64
Tip —0012-64_
EXPOSED DATA
Area Ft2

Span, (equivalent) ft.
Aspect Ratio
Taper Ratio
Chords , (ft.) !
Root
Tip
MAC
Fus, Sta. of .25 MAC
W.P. of .25 MAC

NOTE: All units are ft.,

3147.3
70,5
1,47

—t1.25
20.80
52,20

sq. ft. or degrees.

MODEL SCALE

,645

1,073
—1.68

. 230

10,0

—2.0
0
0

——tmaa—

55,0

0

47,0

.995
229
.696

0010-64
0012-64

This data includes both:ﬁ}des of the vehicle.



MODEL COMPONENT: Vertical Tail

- MDAC - Orbiter

GENERAL DESCRIPTION:

Mode¢l Scale:

0.011

DRAWING NUMBER:

DIMENSIONS:

TOTAL DATA

Area , £t2
Planform
Wetted
Span (equivalent),
Aspect Ratio
Rate of Taper
Taper Ratio
Diehedral Angle, degreces
Incidence Angle, degrees
Aerodynamic Twist, degrees
Toe-In Angle
Cant Angle
Sweep Back Angles, degrees
Leading Edge
Trailing Edge
0.25 Element Line
Chords: (ft.) :
Root §u1ng Sta. 0.0)
- Tip, (equivalent)
MAC :
Fus. Sta. of .25 MAC
W.P. of .25 MAC
Airfoil Section .
Root
Tip

EXPOSED DATA

Area ft2
Span, (equivalent),
Aspect Ratio
Taper Ratio
Chords (ft.)
Root
Tip
MAC
Fus. Sta. of .25 MAC
W.P. of .25 MAC

31

255 _BJ 00050, Rev.
. FULL-SCALE

25.75.
—I5—1—

21.43

MODEL SCALE

.702

.303
1.30

.__.b638

(ol {a] (o} {e] [«

30.0
13.4

.283
181 _

0009-64




"‘MODEL COMPONENT : Rudder - MDAC Delta Wing Orbiter

GENERAL DESCRIPTION: Model Scale: 0.011

DRAWING NUMBER: 255 BJ OOOSO,_Rév. B
DIMENSIONS: ’ | - FULL-SCALE MODEL SCALE
Area, ft2 213.9 .0259
Span (equivalent) , ft. 27.5 .303
Inb'd equivalent chord, ft. 9.50 .105
Outb'd equivalent chord', ft. 6.10 - .0671
Ratio Elevator chord/horizontal
tail chord '
At Inb'd equiv. chord .369 .369
At Outb'd equiv. chord - .369 __.369

Sweep Back Angles, degrees

Leading Edge 30.0 30.0
Tailing Edge 13.38 . 13.38
Hingeline 19.95 19.95

Area Moment (Normal to hinge line)

NOTE: All units are ft., sq: ft., or degrees
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APPENDIX II

TABULATION

OF GAGE MEASUREMENTS AND TUNNEL CONDITIONS

33



AEDC. (AWOs INCa)} ARNOLD AFSs TENMA 17189
VON KARMAN GAS UYNAMICS FACILITY

............................... - foees . HYPERSONLC. HOTSHOL . JUNNEL . F..... emmemmcacmm————a
NeefRuN 3650 NASA=SIS TEST :
cenmene MBAC. DVO.. .. --- : e ememmmngmm e cmamman
JEST-ConDITIONS TEST _GasS _NITROGEN Q=-0s S7=0, AND HREF_BASED ON 2152 _INCH BADIVS
ANGLE oF ATTACK 20.000 UEG. ANGLE OF vny 0 D;G. ANGLE OF ROLL .0 OEG. " MOOEL LENGTH 2143951 [NCHES
T TRTRE RS INE RS INE T TWE T USTNE M TN TGS TNE T TRESF T RE=L TVSINF Y () 10 WO TR0 RTUS TS TO RAES TuTus L Ror T
reeemenaBSEC..... PSLa LOM/CU-FET 0EG . R EX/SEC ... PSIA....Blu=6_____. lLO.'.ﬁ...-.-..--._---.PSIA...DEG.H...&IU/LHM.-.SOF.!.-SE.(‘.-.‘ ...... SQF1.SEC.R.. PSIA ..
S 110690 +00291H_ 99| S18) 1066 8,448 5.9662 10,5797 ,00299 5654 2069  S5,605E_02_ 1530 .02448  .10310 15.569_
X 100 +102906 002558 1pbal SI5A 1newd 7,912 540309 H,5912 400375 Sell 2218 5.988F 02 16644 ,n2611 «09917 l4.59g
"."-«.105.".099lt&.mouZJEJ_lLo.l.“.Séhhuln.hl."1.519"_«.SJIS.HB.COEJ..00362 ...... S180 . 2294 ..b,189F . 02.. 17046 ..,02749...,09725....13.87¢
110 094556 4002268 1089 S4l7 10,41 T.177 443961 7.8218 ,00347 4966 2274 6,12BE 02 16442 ,07/89 ,0944% 13,237
......... 120 .. .«0PRAIS ,00216R 10R,0. . 5365 10,36 .6.667.. 0.1578._7,177¢ -e003S5.._.4514 2237 _0.012E.02 ..193¢6.._.074%)__..09054.. 12.294

. 128 L0¢SH91 .00205S 1nd.s €354 10430 6.350 3.9390 7,008S ,003A? A217 2233 9.991€ 02 149.1 .02913 « 08810 ’ 11./09
106079948 00004128 11442  S465 10426  S.HT9 _1,9096  6.0540. .nn189 3920 2329 0.245E 02 152.9_ ,01122 . 08548 10.844

PRESSURE 0ATA ( PAZSSULRE / POP )

.................................. R TP 2 R ST

ceearas VIME Pd3 PU11.38 _ Polg __ ee20 _  PT12. . etetacrmmemaee—————- B N
9t 22971 L0846 (13746 L11367 L00263 : - ] .
100 ___.22649 08369 _ 13487 . 110SR__.0n210
105 422476  L083%6 L1372 ,11099 ,00243 . . ¢

remeeneen 10022513 (08525, ..013554...010945 . 00289 oo e e oo e e mn et e e oo
12¢ 0272319 L08LS8  L,13u22 L108H9 L00275 ' .

.......... 128 .. . 422168 ...08218 ..,12960...410687... 0029 ocemmeneeee.. ——meeeaas - R
136 «22071  ,08072 ,L13930 ,10475 L0031}
WEAT TRANSFER UATA (W 7 RHEF)

""""" !’fﬁ'ﬁ""""'ijé‘:i'"'«':'&)'.'S""""aa'i'"""?ia's“"""b’lié'""‘&’BB’A‘""'d&b'.'"'""Hﬁ'l'i":"riﬁi'l'i""'(38'1"1"6'""'651'3'""6{6'12&"‘65'1':?ZE'b'ﬁ'l'é'.'sih"du’xs.’s‘n" .

,..._--.....?.‘-‘.-.....ll.“‘.~3..._.1.37.‘;.7....l‘l31_._..l"799.._,.IQ%?._.LO.Sﬁ.‘.'.l..-.1155-*....103*3.-.;13135....096‘\2--_.11226...,1656,4.-..12156._..1,4157....16923
100 ,11806 12102 ,11v%4 (13527 15963 L05118 ,107€6% L096R3 12011  .08372 10804 15333 ,11924 13833 16517
108 L11219  L10356 09401 _ 09700 _.13334__ 0486 209003 08390 _411025__.07765__.093n4__ 139412051 __.13623  .13816__
Lo 11397 09980 ,09¢43 07438 11561 L04/43 074 07357 410314 207803 08233 12873 L17158 13862 ol2%4s
rreemeneee J8U o 17081 (09450 L NRWNT 05325 09234 ,03964 . .05T€]1 . 05551, 09415 .a06766 06243 .. .11038...411329 ..._secoo __ 10685
128 10429 09214 L0827 05194 08944 ,037€2 05260  .05033 .nA276 « 06288 L05130 ° ,09014 ,L099592 ocece ,0u565

e D36 GL0R20. 009405 08585 05172 08612 _,036U4 .. (0495 L . ,04722....01024 2059930, ,04272....081€4....08532_. .. 9ee00 078U/ ...
TIME QR16.5C QH15.50 Ao17___ANaE OALY _ Gd1YR Q8164 UA19H _ nH190  QB1YE 0R2)  QB216_ 0W210__ 0er)r wle

95 15572 21 0R3 LTS 25735 11595 <105ET 09407 +13013 +11R19 16467 gudi 206924 «06197  .07174. «0l0}47
N 300 a170A7 18533 13938 L2235 Lo LIERR G Qulad 09214, 012347, 411389 . 16005 __ . 09478 _.06%€3 . «05987.. .a7014 . «G106L
165 e10919 414672 13/49  .20371 11073 J10112  e09)2!7 *112H49 10942 415302 09165 Q5884 05621 LQ0ks02 .gl1de
.......... 110 .e12394 013925 13918 J17R29 10796 . 410228 __.409c4J. -*10296 010973 014779 __,09150. .4055¢3 .. 405496, .0LAGE 01173
12¢ e0R4AL L 1139H 12891 L139A2  Lla00% #0690, 0H2Z8  SQRISS  W1107A < 10921 J0R9R] 404129 05900 -.0667% e0fd2%
e 128 w1969 _a0PhEH__allaunl . L2812__s(H9Y3___2000¢ ,onuas — 01334 a3 nb8T  40BL0Ye0B0Y8 203690 —a05hb4-—ogbibl _apl3bY
13¢ 07323 209140 09474 412089 07439 SeC8O 409958 «05722 «4B5Y]  «06502 06971 403179 «05557  .05257 01270

BAEPRES § 1T} C R R TR R BT SR VRN SR TTRTE S VA S QAT15.50 Nw)15.58 UalSeSH 0118 QT19A47 TQT19C  0w19a  GUwlys
e e 98 L aN1214 00923 L0035) . L002F6 . L00563.. 0111 .00537 -e00103....00055....00067. ..00603...,00213....00140. .,000%5 ...00058
10¢ «01226  L00GER 00346 00296 LONSTY 01104 L005S6  .00109 «00051  L0007% L00599 ,00202 .0N014S ,00n&3 L0U0&Y
2105 21252 L 009544 D0S20__ 00392 200570 _a0hL31__.00S3d__ «00111 _ung0Zl_ . 0QUBU. _a0059S8._ 00209 —o00135__..00046..00030
¢ «01226 ,01000 L00e0P  ,00292 00597 L0LL0A L00StE  .0nlnk  .00052 .000n7 .00S7R 00160 400139 ,00032 400042
.......... 120 .0l113_ 001016 _,00444.. 00307 ..4005%Y.. 20lutH_. .005¢C5 -+0N140...,600/3 _..00081 .00527...00208...400155...,00032 .. 00030 . .
12¢ 2211317 001046 00463 00310 .00557 L019E0 00591 00112 .n0NKS  ,00069 «00565 «N0176  L0016) ,00033 00039
.......... 136001162 001048 . 4G08T71 --000306. 400954, 0 00QI5 . Lo DOGEY.__000097...400042_...00UT6 . e00513...00169. o001 78....00027 .. «00030

-




ABDC (AR [NGe) ARNOLD_AFS. TENN, 37389

RUN 3657 NASA-STS TEST

MDAC~ OwO

TEST CONDITIONS

VON KARMAN GAS CYNA¥ICS FaCILITY
__..HYPERSONIC HOTSHMOT TUMNEL ¢ _—

TEST _GAS NITROGEN

Q=0y ST=Os AND WREF BASEN ON__ +132 INCH RADIVS

——110___ 400047....00066

200062

125

ANGLE OF ATTACK 20,000 LEG, ANGLE OF Yaw 0 DEG, ANGLE OF ROLL 0 OEG. MODEL LENGTH 21,381 INCHES
TTYIME T P=INF T RHO~INF T=INF TU=TNF MeINF Q-INF RE/FT RESL V=INF (1] 16 HO G0 B8fU7 ~ sT0 WREF BTU/ ~ POP
»SEC PSIA LBM/CU=FT DEG R FT/SEC _PSIA  'Xl0-8 X106 .. ... . . PSIA OEG R BTU/LBM . SAFT~SEC . SQFT Sec R ' PSIA
4% o107246 005138 93.1 9746 10.90_i%.251 112757 20,0623 ,40227 _ 1]1325_2048__ 5,726 2 _2)9.1 _.0i8%2 _»J4%53L__28.122
57 o1574%2 000309 95,4 5919 1092 13,147 943571 16.E64RT 00249 10124 2122 S5.8R5€ 02 2088 .0200) 13197 24,240
66 154018 004230 95.1 5259 10.P2 12,613 91114 16,211% ,00250 9328 2083 S5.756€ 02 20048 02043 13015  23.257
T8 135980 2003466 1025 5434 1077 11.036 741606 12,7405 .00281 8327 2241 6,149 02 204.7 .02259 12074 20,362
L. BE 127549 .003157 10%.2 5449 10.71 10.233 66,5116 11,5857 ,00293 . ..7629 2261 6,185 02 198.9...n0233%. «11%3 . 18,881
110 107183 ,002721 112.9 5375 10.63 B8.476 5.9375 9,8527 .00316 6229 2220 6.022F 02 173.7 ,02536 ,103a0 15.633
o 12%  .096692 a002442 95.6__ S168 1060 7.61) S5,5662 9.90317 .00314 __ S48 9F 02 . 14848 03570 _.09789.- 14,026
__ PRESSURE NATA { PRESSURE s POP ) .
____TIME __ PPS PA11.3A FA11.38 PR1S pB20 _ PT12 __ _ ‘ . .
A4S ,22136 ,12820 ,L08346 ,L172536 ,10845 ,00263
_BY 223715 .12481 ._L.08368 . .13161__.10581 _,00249
66 421876 12329 L0828 12762 10799 ,00242
T8 ,21934 _ 12699 ,008394. ,13269 .10837 .00260 .. ..
B8 L.21650  .12539 ,08352 ,12955 10648 00279
 _110.__.21789 412300 07814 L13156 ,10965 .00279 .__ _. —
125 22633 .12214 L07958 .12838 ,L,10937 .00274
HEAT TRANSFER DATA (M / HREF)
TIME QR3 ™ “083.5 LT ané Q88 0B8A . 0B9.5 6B11  0811A 0Bl18 9813 0Bl4B 0QB15.5 QB15.5R 0B1S.5A
.85 .19606 L18277 19844 ,19164 15513 ,L13823 12985 ,11552 12402 .12009 +11270 ..16523 _.12073. .,13124 L1360
S7  L17107 L17438 18379 17109 ,L15208 .12298 ,11801 ,ln60l .12872 ,11546 ,09909 ,16667 .11816 12817 413699
_____bﬁ___‘lﬁzﬁﬁ__‘17]]6_“418406__.16692__.15140._.1111&__‘11312__.1n161__.12958__.11667_“.09Qoa__.1b952__.127ln__.lsebn__.13789,._
o13424 17293 17623 L,15649 34587 11167 ,10259 .09245 .12407 ,.11897 ,08988 ,15940 .11P49 ,13498 13347
”_",88 _.e12406 L16689 16560 ,14796 L14536  .05665 ,10067 .09355 13161 ,11202 409403 . ,16093 12171, ,13698 ,13556
ASTh0 T S11319 o13140 212074 212193 214550 06802 209724 09019 +12648 09580 08737 15312 .17362 .13977 413716
125 . «11523 L12191 411215 11663 14745 L04383 .,09723 ,09205 .«11679 ,08653 ,08866 414251 412795 ..,13094. 413954 .
TIME  OR15.5C OB1S.SD __ Qw17__"QR]AE nB19__OBI9R__QR1SA__ GR198__ QAR190  OBI19E Qf21 __ QB218  QR210 _ 0RA2)F Qra__
A5 J14748 23705 .13565 29681 .11305 10665 09250 .1264T 411779 417748 09890 06640 06319 ,08153 +00527
BT ___«18614 .22616 L137107 L27R00  #11577 410275 089746 172849 «11487 16591 409792 +06619 +05946 07481 00646 .
66  o14827 «230S2 L13758 27748 11387 10157 09062 .12968 ]1732 416348 409775 06528 06035 ,07308 00721
LB e16T45  a23267 13051 +26091 +10355 409672 08779 ,12416 «114K1 15517 09377 06611 05631 .06782 00711
88 L1515 .22B51 12643 425654 L10196 09170 <0H8939 L126R3 +11471 415757 +09047 +06589 .0545¢ 06973 00783
e 110 013444 _G18129_ 12484 .2]971_~J097}3_~.06501_“n05877._J11836~_|l0523._J11766_-n08791..105913“_.05288__‘06190__:00851
125  «12491 15488 12632 419367 L09B816 08613 +08872 ,L11753 10876 15190 «08767 405934 05399 406229 «00910
S § U1} - S} T ol ariia QT118  GTIIC OT15.5 QY1§.5A 0715.58 GTIS¢5C UW15.5a OW1S.5R  QT18 Q7194 QaT1gC
L. A5 _o00926 01824 ,00366 L00331 ,01032 L01655 00462 ,0013%4 +01007 00398 ,00040 ..00078 .00574 L00192 400124
. 57 eN1026 L01549 ,90337 «00346 «01011 «01560 ,00449 .00123 +01087 L,003A81 +00074 ,L,00083 ,nnST? .00199 «00126
e 66 4010ST 401692 ,00352__.00369. _,00982 _ ,01491 _ ,00427 00127 _ 01056 __,00375__.000274._ 00082 .00548 _ ,00221. ...00129___
T8 o01026 01095 00333 ,00275 L0074R ,L01275 ,00441 ,00122 .01046 00335 ,00002 L0008l 00542 ,L,0022R 00132
BB __ 401065 _o01047 ,00353  L00285 _,00640 ,L01166 _,00422 ,00132__,01153 __©®°0®  ,00087. _ 00073 _+00536...00242 _e00140 _
. 110 «N1095 01024 L0040Y ,002F) L00512 L0097 L00426 ,00127 .Q1112 ceced®  ,00085 00075 +00523 L00228 00133
e 125 _401156. ,01040 00619 ...00292_ .00500__.01019  ,00419 . _,00131 _.01152___c®°®®_ 00085 __,00085.. «00495 __,00240 ..00143 _.
_Time Qw19A  QwW16A
45 L,0n078 00067
.57 . 400075 600060. . . . __._ __ B
66 <0076 +00070
o 18 «00068 00064 e "
88 «0N0K6 00071 -

«00074
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AEDC (AMus INCo) AHNOLOD AFSe TEMN. 12389

- v VON RARMAN GAS DYNAWICS FACILITY
w.r‘ ............................ . 2omee YPERIOD LC. BOLSHOL L LUMNEL £ . oeeee e eeeemeenccee e eeiecom e eomm e e mem em e e s e e e e eoeoeemn
UN 3652 NASA=SIS TEST T ) R
...... PLAC=. On0 ... ..... . . . SO ememeeema—an
TEST CONnITIONS __TESY GaS NITROGEN Q=09 ST=0y AND WREF HASEQ ON .lgz_lugu_yaolbs
ANOLE 0F ATFACR 204000 UER. - ANGLE OF YAW 0 DEG, ANGLE OF ROLL 0 VEG. MODEL LENGTH 21.351 {NCHES
YIWE B RF T RROS INE V= Te  USTNF M TN 0= INE T REAF T RESL T VR TRF 60 FOTTTTTTHO TR0 a0/ T TS YA RREF TuTu7 T PoP T
e PSEC L PS1A LBM/CUSFT DEG R FT/SEC. ... PSIA...5hum6...... nase........ eeneenPS1A.DEG W _BIU/LBM . SOFT=SEC. ... SQEY..SEC B...PSIA.._.
11€ 2138300 .00¢¥37 12703  $905 10.72 10.310 $0398 _8,967] 400319 _ 6R89 2576 _7,063F 02 24%.0  .02608  .11912  19.040
o PRESSURE 1ATA_ ( PHESSLRE /£ PP ) : i . . .
e JIME L PHS Bh) 1.8 FAYLeN _____PA20. . POTR __ | LA L DU
©11E $2017 L1217 L0/m8 L1033 2.971e 3.21€) )
~— MEAT THANSFEW DAYA (W 7 WREF) -
""" YW R R TR T g T TaRE A a8, S T QH T T ARTTA T TaHI1E 813 T ol 14B T GB16.5 ORTE SR Udi s AT
......... RIS lPe28 10239 L 10877....10300. (L3798 . 405050 . 409TE0. . 209181 . 411700 ...09070....09251.__,15400....11%22...,10400...013900. ...__.
VYIPE OR1S.EC Uuibesh) Wel? NAY9  WHI9K _ UH1YR  wB1SD  UR]SF_ nAZ210  0B2)E 0716 Qr6 ors QI8C utll

118 12319 17100 130A9  ,09760 09460 «114C¢0 210700 15430 <05%530 «05800 401000 +00989 +01290 00876 +00475

TTTTYRME T AT A Y R U a8 s T I8 A U e el TS e awis s Gr s SH T G118 " aTiga TutYe¢ Towiva T

........ 115 a00250Q...,095108 _oR14RL . 00647 000108 . _oD0Y/6 . <0028, 500071...4000589....¢00047 _a00186. . 000169 . 00080 o o ommmooeee oo
|
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AEDC (ARQs INCe) ARNOLD _AFS. _TENN._ 37389
. VON KARMAN .GAS OYNAMICS FaCILLITY
e m e .. MWYPERSONIC ®OTSHOT TUNNEL F - -

" RUN 3653 NaSA=STS TEST
—~~ . MDAC= O%O —

JEST cONDITIONS

- e ma s

Q=05 ST=0s AND_HREF BASEQ ON 132 INCH RADIVUS _

TFST_aas N1TROGEN

ANGLE OF ATTACK 30000 UFG, ANGLE oF YAW 0 DEG, ANGLE ofF ROLL ‘0 DEG. . MODEL LENGTM 21,381 INCHES

TTYIME  PeINF  RHMO=IAF T=INF U<INF M=INF Q~INF RE/FT  RE=L VSINF T PO T TO0 T ‘M0 Q0 ATus * §TO HREF BYU/ ° POP

~ MSEC PSIA LBM/CU=FT OEG R FT/SEC . PSIA  Xl0~6 ..X10~6 .. .....PS1A DEG R . BTU/LBM SOFT=SEC SQFT SEC R psla
.83 213722P8 ,0n5218_ 9 QLJL__fnaa_jncbo_Ja.IBO 112442 _20.0089_,0022)____9380_ 1909 ¢ 3135.02__186,s__,ox]as__gljbsa 26,417
‘ 87 179906 ,004HG2 Ghel  S147 10453 13.971 10.2109 18,1678 ,00230 9037 1997 S5.525€ 02 199.0. .N]88T 413653 25,748
. 92 4177384 ,004449 10441 512 10444 13,536 8.8646 15,7368 ,n0245 8652 2141 S,890E 02 212.3 01971 .13264 24,961
98  L107TRO L003R06 11147  S491 10443 12,386 7,2910 12,9760 .n0270 8128 2299 6.,300€ 02 225.0 ,02168 .12791 22,853
e 2109 Q181017 4003423 11449 56565 10642 11,667 60,4794 11,5296 00286 7631 2365 6,467€ 02 223.0. .0?296 12332  21.162
111 144832 ,003232 118.4 5412 1035 10,978 5.9691 10,6206 .00296 7188 2410 6,581F 02 228.7 ,L0240% 12229 20,2863

324 a226A4) _.002665.12244..5710..10435._9,263__4.8645 _ B é196~.na329____5347__2502_.5 aIZE-OZ__ZZI.S-_.02659__‘11291.__17.293

135 L117620 002343 125,6 57%9 1031 8,450 44,2217 €119 ,00351 S717 2551 6,930F 02 21%.3 ,02829 «10710 15,602
“TPRESSURE nATA ' PRESSLRE / pOP )
TIME " 7 TPRS PB11.3A PR114IR PR26 T TTPTI
______,23_._J3“612_"‘25111__,14403"_.22902__.00211 t
035185 425224 ,L14467 ,L21795 ,00285
.-,_k“"92 ..e18454  ,25303 L14530 L,21941 .00291 ... .
se e36162 L25876 140628 ,21841 ,00264
105, _ 036330 . .24893 ,14578 .,22043 ,00255. ...
111 016405 25876 L14519 ,22208 ,002°2
———d4 341265 .255€0__,14337__ 21500 ,00308
135 036572 ,25050 14265 ,22082 ,00274
THEAT TRANSFER DATA (H / MWREF)
TIME 083 7 0B3.8 7 TGURy T TToB6 QB8 QARA  0B9.S 0811 0BI11A ©B118 0B13  QBl4B QB1S.5 QB815.5R (B1S5.54
QJ__~.2n292__.30100_.,35111__.1539l__.211an._.2139n__,23471 2143224760 _.2265%¢ L19829 28062 21823 24152.-.23211 .
420386 2743 34792 ,36361 L,27716 ,L20451 ,23604 ,21358 . 26609 ,23180 L1935 ,L26937 «20590 ,2358A «2275%
____.__92_,_.17038 22261 31235 .36996 £27437 ,18790 ,22508 _.20172 023977 . ,22985 . ,18394 _ 26097 ...20344 _.,23579. .22168
98 015700 L,166730 .23202 ¢ 32666 26832 sesse 21060 L1B770 423379 21979 16905 .26063 .20325 ,23534 22097
- 105 | 415224 L13BS9  ,l4d1r ,30508 ,25645 eecoe  ,20148 18019 .22929. 20697 ,16289 . ,25147 .20699.._..22944 21481 .
2 216661 13373 .12076 ,2964P6 26686 eeves 19560 17539 ,22142 .17830 ,157146 ,25278 ,20722 L22139 .20737
- 124 323 _a139%4 _L11314 24214 L23592 @ °'°°.__‘11822__,15092_—.21291.__3°ﬁzﬁ__.13835__‘zmJna__,znsaa__.217na_..znxo1
13% «1A129 13375 ,11445 ,19513 ,222383 ss0e0  ,16416 ,16978 ° ,19222 senee 13226 ,22226 19076 ssga0  L18947
“““““ TIME “OR{S.6C 0R15.50  Owi7 ~HRTEE ~~0B19” OBI9R " 0BiSA T TQA[98 T 0RISD” TOBI9E T aB2] T GB2i8  aA210  GB21E Tate”
L BY _ 426180 442622 L2654R .39513 ,21035 420626 416790 ,22352 +21071 31010 . 420044 413955 _.15957 ..18118 02091
87 026034  ¢42540 24195 L4n069 420064 19932 16345 21678 21576 31595 419824 14029 «15763 18255 02113
92 428935 L50267 __¢239%43__ 438105 _a19204.._a19022. 215970 (21404 __ 021121 «30588._ 019248213303 4164696 217107. 02142
9e e23304 36770 422812 +34982 19584 19242 <15548 ,20840 19048 28668 418663 12409 12739 15642 02147
..... 105, _. 622506 «34T2R 422205 o333RS  L17812 19173 15308 .19722 19077 «27876 17928 411979 11779 416609 02148
111 022109 32599 .21445 32184 416962 417255 15128 ,18874 418920 27706 17215 11767 11459 .lesb2 02164
)2 020638 ¢28576 20336 427212 «15071 15934 414655 17747 417295 25637 015667 . «1080% .«09830 ..o13277. «02145
135 90000  osess 19157 oeeed 14829 15050 13826 ,16853 osdoo  co0®ed 14622 ,10303 09101 ®cern 402125
TIME 0716, eTA wrac QY11 QT11A OQTLIIR  OTI1C nT15.5 O0T15.5A4 Q715458 WT15¢5C QW15.%A Qw15,5R QT18  QT19A
o BY.._a02649 ,02636 . ,00902. .,00648 L00210. ,00991. ,01633 00751 400316 .,01061 .00179...00067 ..c00069 -,00557 ..400240 .
817 2072683 ,02671 L009Nn1  ,00644 L00191 ,L00964 L01S7T9 00636 ,00292 ,00824 ,L00191 .000S9 200072  L00665 400181
.92 _ . 02660 .02726 .00914 L00626 ,L00204 L00907 L01600 ,00520 00304 00723 L001R3 L0007 .00069 .,00443 ..00168
. 98 02697 oN2733  L00915 L005R83 ,00194 ,L00418 L01511 ,00423 +00283 ,00630 00204 00077 00072 L00630 00142
105.._,027_1 o a02737_a00920__.00566__,00130__.00790__4014Z2_..,0040) 00289 __,00519_ 00193 _,00072 400073 _ 0042200127 ___
11 «NP65T 02595 00973 L00548 ,L00195 .00796 ,L01349 ,0041) .,003164 L00607 .002n7 .00061 +00069 00399 00115
124 02619 L02712 .00945 ,00691 ,00210 L00761 401153 ,00405 400292 ,L00566 00218 .00075 00071 ..00409 00107
135 92523 <2624  .00¥37 00483 ,00199 L00714 L01117 ,00396 ,00307 ,00517 400209 ,00066 400075 ,00379 400099
“TIME T QT1eB8  QT19C | OWl9A  OWl9B TTmTo T T - ‘“'”
B8] _aN0106__00072 00120 00171
87 000098 «00066 00133 00145 -
. 92 «00100 <00059 L00131 00150 4 I,
98 eNOINT  «00076 oNO0LIPB 400147 ~.
.....10% «09111  +00071 L00171 L00146 . — .
1 ofN1N2 00062 401150 00121
24__ 000099 __+00057._«00119 _,00118
135 «00103 00075 00117 .00124
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. AEDC (ARO. INCe) ARNOLO AFS. 1ENN._ 32389
al * VON KARMAN GAS DYNAMICS FaCILITY:
s e e . MYPERSONIC HOTSHOT TUNNFL F .

" RUN 3654 NASA-STS TEST

w..ew MDAC~ DWO e e : e
IEST _CONDTTIONS - TEST Gas_NITROGEN Q-0+ S7=0s ANO MREF BASED _ON___ o132 INCM_RAQIVS
ANGLE nF ATTACK 104000 VEG, anNGLE oF vaw 0 DEG, -ANGLE of RoOLL 0 DEG, MODEL LENGTH 214351 INCMES
CTTIME P-INF RMO-INF  T=INF  U~INF M=INF Q=INF RE/FT ~ RE<L “ViNF ~~ PO ~ 70 ~— w0 " Q0 gTY/  STO HREF 8TU/  POP
.. HSEC PSIa LBM/CU-FT DEG R FT/SEC .PSIA  Xlg-¢ ..X106 . . ._ PSIA DEG R BTU/LBM SQFT-SEC .. SOFT SEC R Pslia

53 194816 4009579 91,2 6174 10287 16.103_123311 21,9401 460216 __11604._ 1984__5,56%_02_ 216 2 _.01769._ 014965 29,685
64  o187524 ,005079 Sbes  S207.10475 14,867 10,5174 19,4247 00227 10409 2028 S.646F 02 211.7 401858 414232 27,372
- = --T10  a183468 004613 10349 ° 5389.10461 14,445 9.3241 16,8899 ,00243 9830 2188 6,054E 02 228.7 .01950 .11876 26,646
T4 4169936 004057 109.0  S33R 1062 13,417 H.0008 16,2354 00262 9440 2316 ©6,393€ 02 239.3 02107 L1474 26,762
— 86 4150295 0035236 11140 _556]1 1059 11,792 6.9021 12,2806 .00282 8356 2349 6,448E 02 23046 402294 (12745 21,764
95 <131776 002976 115.6 5484 10460 10,367 $.6997 10,1395 .q0310 7619 2460 6,735€ 02 229.5 402513 .11986 19,162
_____lln__pllﬂQﬂi_;nniibi_llﬁ-s___ﬁllz_lnn52__2‘nhn__34£2nﬂ__ﬂ.illl.a00335.__.A5A1__2&9J__b.ﬂoJE_AZ__Z11¢A_~.azln&__‘l1406___L6.69L

___TimMe PAS PB11.2R P820 _ PTI2 _ .
- 53 L0R675 ,03303 ,029R6 00171 .

64 A0RT9] _.03226__.02988__ 00164
70  <0PA13  ,03450 ,02966 ,00168

e 1A 400627, L0376 ,02921 ,L00176
B¢  .0R4%3  L03427 02940 L00179

———-95 . 408815 ,0339)1 ,029Y59 .00204. : .
116 .0P626 ,03423 ,03011 .0N206

HEAT TRANSFER DATA (W / HKEF)

TTTTIME QA3 QB3.S LYY @86 QB8 0B8A  GB9.5 AA11 “0B11A @Bl118 0B)13 0R148B QB1S.5 0B15.S5R QB}S5.5A
.53 404818 07745 ,0T6RS  L0BYTT  ,08048 . .01591 ,05559 _.04951 .,05994 ..03157 . .04506 «07688_...05010. .,06804 ....07203 ..
64 LNAAI2 06969 L06779 07171 ,L07847 ,01636 ,05348 .04750 .05726 .03007 .04376 «07622 .05005 ,06831 ,06558.
______]n.__.afeIﬂ__.néiaa__.n6292__.n65«¢__.n134n__.nLsaa._.nAseo__,OaAaS_,‘osaas__.03091__‘041q3__,oaaLo__.oaJaa__.nbeas__‘o5413"..
T4 ,0%415 ,06174 ,056R1  ,0A053 ,06B71 01513 ,04640 04180 ,04550 .02893 .03893 .05987 «04763 ,06810 .00624%
- 86 _.09808 05224 04877 ,03959 ,05449 ,01512 L0377 _,0352% 03438 ..02788 ,03292 .044n? «04774...,05831 404785
_9¢ #0810 ,05224 ,04392 ,03397 ,04664 ,01590 ,03236 ,03019 .02940 ,02920 .03101 .03539 «06531 ,05109 +03368
110 405397 _,04979_ ,04250 . ,03018 _,04348 _,01690 _ ,03074 .02995 ,02926 .03010 .,02880 .,03311 . e04210 . ,04007 . 03055

o TIME 0815.5C QH15.50 OB17 _ 0A)8E 0819 OAI9R _ GB1GA _ OR19B_ 919D 0BI9E GB2]__ QR21B___0A210 __ QB2 QT4
53 «05984 411452 06407 ,22670 06950 o04%E5 L040ET7 ,05870 06937 .12227 003630 «02550 02407 L0328] 01982
. (64 _ _e9%B53 410337 L,05943  ,22257 04666 04202  .03946 ,05270 e06RA2 12688 403533 ,02552 +02358  _.03190 02051
70 #046S5 08842 ,05498 L22R8A  ,04525 404304 .03BE0 ,0679% .07238 .12584 403482 02354 02499 03176 02203
e o T4 eNTS1 207939 (05Y01 422608 <04635 L04178  L.Q3R49 ,04196 .07080 12229 «03326  +0213)1 02429 403038 .02228
B6 02448 .0TI11 05575 18341 404105 03659 ,03468 ,02578 06184 .11822 «03111 01283 «02307 402829 +02275
95— 92178 ,07120 005016 407622 403734 _a03253. _+02874_ 01588 405419 «11668 . 20291800987 202168 .02733._ 028208 .
110 *0P054 06820 044RB  (059R1 403389 402771 .024%2 .01446 04327 09562 .02728 «00814 01964 401572 .02178

VIME T TTTQT6 T T eTATITeIAC T T GTI1 T 0T118 T QT1iC T QT1S.S QT15.58 nT75.58 QTi%.5C OW1SeGA oT18 ~ Q1194 Q@¥19s QTlsC
.. 53 _e021863 ,02430 ,00695 ,00339 ,01364 ,00616 ecece ,0pa)0 000821  ®e90e  ,00180 L00787 ccaes _oecgcs. Sssce
64 41?353 ,02523 ,00671 ,Nn0356 ,01080 L00415 osees 00424 ,00855 eoece L001R7 ,00744 @go®e  sogeo ,00662
_.__m_ln._“‘92564__.02659__‘0nlae_".ODJEk_..DnJQZ__.n0615._400619._.né353"..00101__.uLlJ&...DOlBS__a007Q1.-*00LL&__.00592~..00633._
T4 «N?S67. ,02649 00718 00383 ,00426 ,003%2 ,00425 ,00300 .00520 ,L01158 ,00181 00768 .00119 L00587 .00474
- 86 _.02454 ,02611 00757 ,00392 .00560. .00393 ,00411 ,00258 .00352 @seee 00198 .0067] .00105. «00527 .00436
95 +02341 ,02°F3 00811 .00636 ,00493 ,00422 ,00372 ,00251 .00297 evcee  ,00209 00624 «00084 ,00431 ,00370
— - 110 . «02371 02628 ,00026 00441 ,00478..,00392 .,0032]1 .. %o0%e® ,00238 . ®0%e0 _,00218 .,00543 400063 -.00279 .00335

. _VIME____Gvi9a__ OW}9A
S

3 +00036 .00208

66_ «00047 ,00206

T0 eNN046 00212

... T4 eH0043 .001R9

86 .00050 .00190 T TTmtT T T T T T T = -
—S5___00042__.00)97

110°  +00040 .00193 . ”
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AEDC (ARQy _INCs) ARNOLO_AESs TENN. 37189

"TAUN 2698 NA<A~STS

VON KARMAN GAS DYNAMICS FaCilLiTY

o MYPERSONIC MQTSHOT TUNNEL F.

VESTY
. .—.. MDAC= D%0O e . -
e TEST CONNITIONS TESY GAS NITROGEN 0=0s ST=0¢ AND_MREF BASED_ON___ 2132 INCH_RADIUS___
ANGLE oF ATTACK 30.200 UFEG, ANGLE OF vAwW o DEG, ANGLE of rOLL 0 DEG, MODEL LENGTH 214351 INCHES
TIME  P=~INF RHO=INF T-INF U<INF M=INF Q«INF RE/FT RE~L  V=INF PO 70 HO Q0 pTy/  sTO HREF 8TU/. POP
. L. MSEC PSIA LBM/CU~FT DEG R FT/SEC ... PSIA _X10-6 . X10=6. ... .. ..PSIa .DEG R B8Tu/LBM SQFT~-SEC SQFT SEC R PSIA
65 2141985 004361 _AS,0 4856 1056 11.089__9.7023 17,2629 00237 7261 __1770__4,91RE_02_ 187.5._ 01985 011994 20,412
69 L13ARRI .003796 94.2  2nP6 10451 10,588 7.9BA2 14,2130 00260 7007 1971 S.396€ 02 16a.7 .02102 .11512 19,508
_ =75 4125711 4003034 108.2 %438 10449 9,674 S.9403 10.5693 .00301 6662 2269 6,170F 02 192.7 .02916 11140 17,846
81 117660 L0026PR5 114.5 5579 10446 9,011 50988 9.0714 .00324 6297 2391 6,496€ 02 203.6 L02634 L19996 16,630
-89 Q111755 4002426 120.9  S6B6 10460 . 8,458 46,4673 T,5485 00344 $882 2486 6,751E 02 207.9 ,027€4 10682 15,613
96 4105022 002145 127.9 €835 10435 7,874 3.8119 6,7823 00370 S510 2617 T 114F 02 215.4 ,02980 410372 14,543
______193__,92311&_‘0QJ“El.J29,3~__iﬁb1,Lo;3t"_b.995__1‘3336__5.2315_.nns9b_~__Aabo__2641__151aae_oz__zns.l__.aalaa__.09153~__12.325-
134 074776 .001546 126.3 5776 10631 5.564 2.7555 4,5027 00434 3946 2587 6,973 02 176.2 .03500 .08609 10,2723
PRESSURE 'DATA ~{ PRESSURE /7 POP™Y
TIME PRS TPRINTJII PRIT.3A PRITLIA T PB20 .
05 a36T19 _ .25544__a27234___.15340__,23412
69 37698 ,257178 ,26092 ,15200 ,23763
7537964 . L26007 L27006 L15009 23569 .
8} 036596 ,25652 L2T198 ,14649 ,23856
8936715 .25805 ..27222 L14678 .,26047 .
96 37542 ,25936 ,26523 14755 ,23822
108 €618 26057 21011 ,14632 _ ,2341]
134 0361N2 25748  ,26545 14816 ,23413
HEAT TRANSFER DATA (M / HREF)
TTTTTHEME T eI T 083057 T TURA T nRe T aB8  GREA  GB9.5 6811 0B811A @Bi18  0B13 08148 GR15.5 0A15.5R QB15.5A
65 22321 .28986_ . 34p00__ 232051 .28527__,217S0 _ .23268_ 19596 __,21742 _,20822__,21031 ,27425...,19365. _,21573..20593. ..
69 219669 ,25591 ,33435  ,31307 ,27464 ,20925 .22208 L1R67TI ,21046 L20600 .20439 .26583 L18578 ,21n72 19903
e TS5 . 015364 L1BTS4 29056 29203 ,24448 L1R048 19799 _ 17146 . .20108 . ,18798 ,18984 ._.25207 _.17614..,19966...19713
81 o18264 13168  ,25932 27610 ,22067 15824 ,18320 ,16444 420091 L17913 17556 ,25062 ,L1R0%2 421158 420406
f‘ " 89 ,13964 10844 18173 25382 ,20926. ,14625 ,17223 ,15672 ,19599 ,L17326 _,162n3 . ,24190 .17995..,2231R ...20102
96  .183n1 10791 12310 ,23668 ,20945 ,L14136 ,16455 15141 L19153 ,L16991 ,157729 ,23094 ,17492 ,20997 .1953¢
108 16374  L10940_ .09ne4__,214R6 20115 _.12607 _.15537__ 14853 ssees 17013 14622 19035 _L18139 19040 19755
134 214713 410917 10277 ,L17237 17906 #o0eos 14187 ,13912 eesee ossce 13805 eeces ,17926 ©sass ,19207
TTTTUIME T OR1S.SCTARIS.SD T 0817 T ARTAET  T0Bi9 T TeAI9RT T eBISA T GRi9B 0A190  QB19E 0821 aR218  ©0B210 @B21E QTe
U 65 __ «27035 37716 ,19921 ,L374B1 .19703 17220 15516 .21240 21293 . .26956. ¢187n1 . 413529 . +14848  ,15851 . #02195.
69 . .26A23 <3THOT1 18994 (35711 J1RBA4 416498 .15205 .21249 20862 26349 417835 413242 14098 15263 02135
TS p24B4) 236531 ,18216  ,32199 417977 15585 _a14867 20465 o ]B6TT__.24676 416791 a}202) 211955 1383002143 .
81 222959 431368 L18803 ,30305 17792 +154S5 15276 .19848 417330 23661 +16614 «11291 10657 13078 02092
B9 21530 28533 _.18639 L2919 416927 14808 14980 18912 _+16359. 422539 15683 ..410704 09785 ..12345...02061
T96  o2n490 426559 18162 L27545 16066 416216 614321 L17924 15619 21583 14817 +10160 409146 11730 02027
108 0196461 _e246€R  L18279 L,2A15% 415623 13754 14223 .17335._+15053_.420498 _ 414392.. 209704 . «0A366. 11275 02062
136 coso0  oesas 16910 #9089 14196 ,12886 413572 ees0c®  aeces  2edes L1338 409340 07152 ¥*efs 402076
TIME QTé: CAL) QIRC . aT11  QT11a  Q@T{1A  QT11C QT15.5 0V15.5A QT715+58 QT155C QW15.SA QW15,5R arla  0T194A
... 65 _ 403169 ,02546 .00YAS ,0N671 .00219 L01065 ,01349 00477 . .00320. 00355 .00167 ..00061 ..n0078 .,00529 00138
69 003135 ,02628 ,00941 ,00626 ,00206 L,00950 ,L01312 ,00476 00353 ,00354 .00163 .00069 00077 ,L,00492 00137
e . 15 L 402975 402612 00909 ,00569 L00196 L00818 L0114 00423 ,00346 . .00361 ,00159 400067 00077 . ,00479 00134
81 «0PR72  L02591 .NOY1S ,00542 .00203 ,L00736 L01147 ,00395 .nn33s ,L,00349 .00149 00058 .0nn78 ,L,004B2 00123
B9 ,02B24...02575__,00886._..00501 . .00194__,00679. 4081196 00409 600337 400363._,00167._200060-—e08377 400472~ ¢00)}4. ..
96 «02737 02534  L00819 ,00489 ,001%9 L006£9 01249 ,00399 00337 ,L00380 L0017 .00049 00086 L00458 00113
108 026P2 02444 ,008}4 ,L00424 ,L,00204 L00699 L,01200 ,00408 ,00332 ,L00376 .00162 ,00039 .00074 ,00419 400106
134 «07590 ,02322 ,0h0826 ,L00400 ,00216 L00684 LO01113 ,00376 ,00339 ,00352 ,00153 ,L00060 .00075 ,L,00352 .00lpné¢
T TUTIME T QT19C  QWl9A  GW]9R CoTonrm o m mnm e e e e T T . T
6% ___ »000A1__+00162__ 400149 .
69 «NONARG  oNOL4L L0042 4
.. 15 «00072 400125 .0011S e e e e e e e e -
81 00078 <00114 00109
.89 _ .00068 400110 400109 . -
96 «00075 .00109 .0n010A

108 .00082__.00103_.,00105_

134 «00075

«00104 400103
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Nt ARECC CARQe INC.) ARNOLO_AES< TENN. _373R9

VON KARMAN GAS OYNAWICS FaCILiry
e e - HYPERSONIC HOTSHOT TUNNEL F

TAUN 3656 NASASSTS TEST

~— MOAC~ OWO e
TEST CONNITIONS TEST _Gas_NITROGEN : G=Qy ST=Oy AND HAEF BASEQ_ON __ o132 INCH_RAOIUS
ANGLE OF ATTACK 10.000 DEG, ANGLE OF YAW 0 OEG, "ANGLE ofF ROLL 0 OEG, MODEL LENGTHM 210351 INCHES
TT7IME T P=INF RHO=INF T=INF U-INF N-INF Q=INF RE/FT RE-L V-INF PO 10 WO GO gTU/  STO HREF 81U/ POP
. .MSEC .. PSIA LBM/CU-FT DEG R FT/SEC . .. ..PSIA . X19=6 . X10=6 .. .. _. PSIa DEG R 8TU/LBM SOFT=SEC SQFT SEC R PSIA
' 32074 0027 7 97 . 9,54 00327 S9Ti 2520 6,852¢ 2 2253 402642 «1i3PT7  17.618.
___PRESSURE NATA_ ( PRESSURE / POP ). .
__.TIME__ PB11.3 PB11.38 _ PBIS _ PB20
70  +04323 .02918 ,03985 ,02907
WEAT TAANSFER OATA (H / HREF)
TTTYIMET T @83 T 0B3.S H1.TS -1 a8 GueA  0B9.5 G811 6811a @B118~ GB1Y 0B14B 0B1S.5 QB15,58 0815.5A

o 70__ 405553 ,06594 _,04541 _,.02972.. 004302 _.02020 _o03i04 ...,02963 _.03397 ..03057__,03052 ..03660....03692 . ,06043.. 403316 ..

TIME _QR}5.5C GB}S.50 Qu17___0A{RE __ 0A39 _OBIGR__ QH15A _Gnl98 8190 __GB19E__GB21 - OB2i8__ 08210 _ OA2IE __ OTs
70 002205 +07086 04529 4077ST 403729 02547 02521 01704 «04406 09772 .02849 .00928 .01%8) ,01936 02002
TTTrime T T efeT TRt evee” T @tilT GTilA T0TIiETOTIIC ATiS.5 0Tis.5A UT1S.5B QTiS.SC QW15.6A OwWiS.SR T QTlg GTieA
e 70— 402012 _ 402303 ..000933.__.0042] .. 400815 _o00464__,00434 __,00387._400196 ..00260._,00549 .400250..4006426._,00682 . +00069
TIME GT198 _ @G¥)9a ___0wWi9A
70 00250 00028 400203

o .-

—— R
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AEDC (AROs_INGs)_ ARNOLND_AFS, TENN._ 27349
VON KARMAN GAS DYNAMICS FACTILITY
. . HYPERSONIC HOTSHOT TUNNEL F

RUN 3657 NASA-STS TEST
. ...PDAC= Owo ot

TEST CANDTTIONS

TEST Gas_NIVROGEN

— 9=0s_ST=O0s_AND MREF ®ASED ON__ +132 INCH_RADIVS

ANGLE OF ATTACK 40.%500 OEG. anGLE oF Yaw o DEG. ANGLE OF ROLL 0 DEG. MODEL LENGTM 21+381 INCHES
TTTTVIME  P-INF TRMO=INF T-INF T U=~INF M=INF 0-INF TRE/FT T TRE=U T V=iNF (1) 10 HO Q0 ATU/ ~ “STO HREF BTUs  POP T
. ..MSEC__ PSIA LBM/CU-FT DEG R FT/SEC PSIA _ X10-6 X106 . . . __PSIA DEG R BTU/LBM SOFT=SEC _ __SQFT SEC R PSlA

J€ 179644 .003SSA 131.8 5931 10636 13.896 6.2399 11.09%2 00290 8998 2654  T,34TE 02 294+6 502323 413937 24,936

82 ,157606 .003452 126.8  SAS2 10.42 12.747 6.2070 11,0438 ,n0292 8592 2590 T.149F 02 27640 .02350 ,13463 23,547
9% L18RS50S 4003165 121,46 5721 10.42 11.276 S.8674 10,4396 00300 T&61 2493 6,833F 02 244.1 .,02429 L12497  20.821

108 126100 2002863 11540  SSE7 10445 9.636 S.4171 9,€3683 00314 - 6655 2396 6,515€ 02 211.4 ,02552 .l1403 17,784
. 118 +115692 +00272R 110+7  5476.10444 010625 16,274

~8¢821 _.542557. .9.2513. ,00318__._6052 . 2309 .. 6,259€ 02...18840_..,02556 .

PRESSURE- NATA ( PRESSURE / POP )

. TIME_ PBI1.3 PB11.3R  PBIS  PR20
Te «46030 ,23321 ,L42316 L3976
B2 . W4£095 ,23982 ,42773 ,3A949
94 «4%102 ,23675 L43059 ,L39057
e 108 L4500 ,24103._.42113 L 40642
118 45639 ,23778 ,43934 ,39368
HEAT TRANSFER DATA  (H /7 HREF)
TimMe QR3 0B3.% LY QRé LI aBeA  @B9.5 @811  0R11A  0OBl1iB Q8171  QB14B QB15.5 0B15,5R 0B15.5A
e 18 70834 43256R 12869431804 428343 19193 __424780..,23014 426930223316 422144 228305 —eR4259n 0204625222992 .
82 #2R192 32247 L38040 31010 L2R124  L19120 424603 22774 427305 23068 421917 ,28812 424647 L24R6R 23204
e 94 422384 28340 36212 L,29637  ,27464 18752 L232€4 21861 425776, 22749 421531 ..428291...23830 L24397 .22549
108 «20595 21744 ,32518 L2R251 ,271R1 18513 ,23%02 ,20855 25289 ,22807 ,21444 ,2B045 ,22486 eecce ,23125
e VO 419038 | 17822  ,26358 25962 L,26457 17943 22728 ,20220 424932 _.22667 420%09. -427136 ..,23180... eweane . ,22373
JIME 0R15,5C 0B1S.€D_ Q817 ___0A8E 0819 _ GAIGR__ OR19A _ 08198 _ NB190 _ 0B1SE 6B2)1 _ aomn2i8 ___0R21D__ QP21E QTh,
T8 «2STS9 428409 423205 35205 23335 419928 +21126  ,24561 +21935 428919 423671 14586 15760 420777 " «02469
e B2 _ 925720 427979 423400 . 434493 423240 #19761 420849 ,24288 ..21B28 428507 423583 _e14462 .. ¢]15581_420476 .. 002442
94 24612 026693 21890 33181 4224679 19985 420413 23285 420949 27475 423012 14617 14282 ,L19845 02316
A _100 . 424388 25785 21892 32577 21869 419721 19876 ,22919 020650 .a27124 423414 .415020 . 13144 419179 02477
) 11 «R3858 24713 420990 +30960 <21061 418612 L187235 ,22181 19812 426407 421820 +14396 11672 418304 02493
TINE avé GTg a7AC QT QT11a QTI1B  QT11C AT15.5 0T15.5A4 QT15.58 QT15.5C OW1S5454 GW]5,5R QTlp  QT1ga
e TB___ 0030649 01863 00897 400415 400208 .01087 .01218 .00672 +00320....00150 .00085 . 00088 ..00091 ._,00317 .00136.
82 «N3057 .N1836 ,0089° ,00416 ,00199 ,01075 L0l1€1 ,00673 400309 .00140 ,000A6 .00092 .00088 ,L00309 00140
96 003013 o N1BST  ,00909 L00426 ,0023) 01051 .01228 _,00681 400300. 400154 .,00083 .00087 .00092 ..00338 00146
108 «03079 ,01849 ,L00923 ,00419 ,00237 e*seae  ,01213 ,0n6R3 ,00275 ,L00149 ,L,00090 .00083 ,00n103 ,L00315 00150
1ie #NI1E) . L01A90_ ,00940___ 00380 _,0023 0800  L011S8 00619 __ .00270 00146 ,00093 00093 00098 00322 00154,
. _TIME___ QTISB _ Qwi9B .
78 «00159 400170 -
B2 .. 000186 00169 . ... .
94 «0N1SS 00162
108 _a00157 4001517 z
112 000151 «00147
- - S
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AEDC (ARO9 INCal ARNOLD_AFSe TENNG 12389

. VON KARMAN GAS ODYNAMICS FACTILITY
N _ . WYPERSONIC WOTSMOT TUNNEL F
TRUN 36S8 NaSA-STS TESY
____MDAC= OWO —_— . e
TEST CONDITIONS TEST GAS NITROGEN- . Q~0y ST~Oy AND_HREF RASED ON <132 INCH_RADIUS
ANGLE nF ATTACK 60.%500 UVEG, ANGLE oF vaw 0 DEG, ANGLE oF RmOLL -0 DEG, " MODEL LENGTH 21,351 INCMES
"“TPEME ~ P=INF RHO=INF T=INF U=INF M=INF Q-INF RE/FT RE=L™ V=INF~ PO 'TO T WO T Q0 gTU/ $TO HREF BTY/ . POP
. s _MSEC __ PSIa LBM/CU-FT DEG R FT/SEC ... ._ PSIA . X10=6..__. X10-6 _PSIa . DEG R  BTU/LBM SQFT=SEC - SQFY SEC'R Psla
7! 0209368 2006160 RH.8 5006 10066 16.664 11,5339 24,0802 00202 10A33__ 1655 59222 021956 _o01633 _.14881__ 30,660 _
T4 4200397 4005534 94,0  S15R 10466 15,876 11,7578 20,5200 ,00217 10512 1988 5.385¢ 02 21343 01773 .14730 29,262
- TT7 187824 ,004802 100,35 ~ 5330 10.67 14,955 10.0675 17,9483 ,00235 10290 2133 5S,921€ 02 224.8 .n188% .l4197 27,983
85 4172618 006197 10740 2497 1064 13,673 8.3483 14,6893 00257 9619 2280 6,297F 02 236.3 ,02064 L1315R0 25,235
~ 92 &187276 003408 11647  SA14 10451 12.942 7.,2608 12,5189 .00273 8A61 2388 6,575E 02 248.1 .07215 411426 23,850
99 1850382 L00I167 124,0 %948 10453 11.679 S.P1R8 10,3532 .00305 8400 2588 7,133F 02 263.6 ,02453 ,L12840 21,575
; 42545 _o002796_13302 __S991 1041 10,821 449004 __B8,7190..00329 76322721 __T,495€. 022709 002627 o12426_- 19,997
214 137813 4002549 1373 6083 10441 104154 443908 T,8122 .00347 7292 2803 7,727E 02 269.9 .02728 11926 18,769
~320 127147 4002316 14344 6175 10435 9.525 348873 6.9165 00367 . 6787 2889 T.967F 02. 272.7 ..02876 . 411609 ,..17,610
130 112928 002011 146,06 6253 10436 B.479 343409 5,9444 ,00396 6210 2963 8,16BE 02 26643 .03100 410988 15,681
—PRESSURE DATA ~("PRESSURE 7 POP ) ~~
TIHE 85 PBIT.J PR11.38 PB1S PE20 P12 POT] pPOT2 ~ POT3
e TV L 49297 W7A06 | GIIRS L7317 | GTT69 . ,0061 _1.4363 11,4278 11,3983 —
T4 «9IAT  LTTTS 3995 L7478 L7771 o006)1 1.4428 1.4409 11,4123
e VT 9365 GTTISS 43997 . _ 47369  _TITT _ 40062 .1,4675 .1,4340 11,4152 . —
8s 09265 L7815 40P L7411  LTT80 40065 144530 14096 1,424
92 29219 28005 24150 o379 ___a1904 ___ a00A7  1.4648._143978__1,4472
99 #8311 7936 435SR L7466 L7836 L0071 1.4906 1.3830 11,4487
30T . 49236 _ 8005 . L4214 L7511 7783 . ,0073 144921 13934 1.4834 __.
114 «9119  LBOOT L4221 L7498  L,7936 L0071 1,5022 1.4197 11,5005
o @0 09233 _ aT7995.._ o4205. . #7379 . _o7T12. . _40073...1,5227 143929 ..1,5023
i30 29207 7868 24269 L7476 oTBST L0077 1.5151 143939 1,4553
HEAT TRANSFER OATA (H /7 HREF)
Time Qa3 a@83.5 QR& QBé [-1:1] @88A  089.5 0811 08114  QB118 9813  aBl14B 0B15.5 GHI5.5R GB15.54
e 1) _@9575 . 428217 | ,29011 49061 .39392 ,3BS13 39867 37734 ,36872 ,34561 37955 _ ,35336. .,34764.. .31702 ..337)9
T4 429073 .26145 ,27626 L4R0R6 37887 ,365580 .38429 36501 935062 33164 ,35690 35551 434250 31418 32863
-\irp__ll.._;_136ﬁ__.2“102__‘266“3__.ilﬁZi__L36323__‘34965 w3731 35418__,34366__.32418__,33862__,36131 0340581 .31244._.32413._._
24675 23050 ,22923 ,L42749 34306 ,L29923 .35333 33400 ,33606 ,31067 ,30692 ,378$2 ,33916 ,30580 32564
__*___92.“..25t11 022523 . 222201 L4N57S. 432514 _,24360 33710 .32315 31674 ,30796 ,30951 .«37245 433619 _..29096 .«30445
99 424952 22421 L21929 L3S5AAL1 ,29616 L18326 ,31786 ,29740 .30777 L2B755 29120 36892 32949 ,28578 ,29894
e 107 . 424885 420360 L19333 ,27902 .26076 L08483 ,29216 . ,26438 427402 .26179 .26653 L.354ST .31089 . 24602 28761
114 25355 420825 ,L,20393 26079 ,25988 ,L08044 L287G7 ,25780 426506 25560 426220 034630 .2R3I1T ,L2324R .27819
24445 __a20580 20256 24531 .24233 08761 27485 26666 425074023636, c254R0—033366-_.26430.—_Renco__.26805 .
130 +24054 L20237 L19304 ,19525 421049 ,L08265 423313 ,22009 .22147 L20016 23853 ,32122 426248 ®eece ,26038
T TIME T QR1R.SC 0915.S0 T 0ui7 T QAIBE T HBT9 T 0B19R TaBigJA T QR198 T 0R190 T TQB19E GB21E QT4 aTé Qs Qrsc
e 71 . 032719 oS50PAS  G323R2 (40277 431755, 432939 30712 ,35691 36810 49306 «41177. «01191 01791 . 201502 400801
T4 ¢31B43 49482 231305 L38R33 431349 L32185 30171 .36945 23441 47623 239811 401083 Q1649 401472 00809
71__.131&18 049225 _ 231201 _,3P291 4312300 032998 __+30521. . .34418__+32919_ ,46815 639325 201060 201600 __01606_»00803...
«INGK4 o470 1064 ITT2I L30931 32196 030246 33708 41278 .44902 437957 401141 01557 01338 «007R9
-..“m*9z_ Le2P645 T J4608) 29506 36001 +29166 30076 ,286ST  L.32091 30900 43572 +36569 01166 01448 201263 00771
99 27804 ,43017 .2B701  ,32908 428308 429147 428320 L31075 29056 L41371 33746 01295 .01372 o01222 00773
i DO L @2ATA] 39600 +270AT L.30R2] 426610 26933 268464 L,2A32) 426537 38800 +30579 «01349 01315 . #01166 00649
536 424019 <38584  ,25966 ,I0405 025551 25316 o256€4 L27515 . 426192 37893 429538 401443 401300 o01155 00615
*120..._.-25305_o36949_*‘2469!._.29232_._426300__.29290-_..24693_..26756...‘2535#.__.36752_.-21Q15....-0ln.o._..n.laﬂ&_..onl015-.400673--.
130 26538 232014 423068 L27342 22690 +22B76 23129 ,25187 «23289 <34525 025209 01623 01312 L01055 00622
TIME OTi1  QTlia~ Q7118 "nT15.5 OT18.54 0T15.58 QT15.5C Owl5e5A AniS.SR eTi8 OTl9a 0OT1g8
C ... TL 400658 00195 ,0189¢ L00347 ,00315 ,L00504 ,L00356 ,00322 .00314 00398 ,00396 L00403 . . . e
T4 40N629 ,00192 L0179 ,00337 ,00320 ,L00474 ,00346 ,00293 ,00322 .00376 ,003A8 ,.00397
—— 11 00590 _,00187 01795 _,00325..,00323_,00435..,00344.__,00259.._400299_.,00366_..,003A5 _.003R6 h Y
8BS  L005%8 ,L,001P2 ,01532 ,00379 ,00328 ,L003S5 .00321 ,0n242 .00241 .00337 ,00375 .00375
.92 90536  ,00172 ,01333 .00290 ,00329 ,00311 ,00274 ,00225 .00242 ,00309 00383 ,003¢8 e e e e
99  .0050B  L00150 L01264 L00266 ,L00334 ,00251 L00184 ,00224 00214 ,00267 400379 .00364
30T «07446 400136 ,L00112 ,00237 ,00341 00242 ©%0e0 00203 ,00214 .00245 .00372 .00352 e i e et e e
118 400411 L00127 ,00102 00242 ,00352 ,00230 soese  ssec® 00202 ,00239 400351 00347
L0 a0C404 400118 _,00944...,00233..,00355_..,00222._._%cees__ agons _soecee_ ,0023) _.00356.-..00340
30 400393 L00113 ,004K9 ,00228 ,L00365 ,00207 eeeee  ese0¢ coees ,00235 ,00349 ,00336

-
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AENC (AWHQs_INCe) AHNOLD AFSe TEMN. 37387

. VON KAWMAN A4S YNAMICS FACILITY

TEST congliluns

TEST GAS NITHUGLEN

BIFERSNALC. BUESAUT TUNNEL Fo.... .

Q=0y $7~0y AND HREF HWASED ON

+132 INCH KADIUS

ANGLE-0)F AT1ACR 214000 UEG. ANGLE OF YAw 0 utd, ANGLE OF WOLL 0 VEGe ' MOUDEL LENGTH 21351 INCHES
TR T RN T T TRAGS INE T S T USRS INF TGS NE T TREAF T TRESL T VeINE T TR YO TUTUTTTTROTTTTTTTUO @YU T TTEY0 WREF BTU/ T PGP
e PREC L PSIA \HM/CUSF T CEG W FT/SEC. . PSIA . ANUm6. . ALUTO, e PSIA.. DEG. N _ BTU/LHM. . SQFI=SEC......_.SQFT SEC M. PSIA .

61 o21204% +00590/ 940 2170 10e70 17.0¢7 1246519 22,5145 00210 11611 1987  9.569F 02_ 222+2 01719 415366
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AENC (Anue (NCo) AMNULD AFSs TENN, 3T73R72
VUN RAHMAN LAS DYNANMICS KACTLITY
HIFERSUMAC gV ISHOT IUeNEL Fo_ o . : g

‘AU 3660 Nava=ST5 TEST
e BRACT WL

TEST.CONnt

LONS

TEST -GAS NITRUGEN

Q=0¢ ST=Us AND MHEF AASED ON

2132 INCH HADIUS

ANGLE OF AlTaln «5.000 UEGe
YRR RS INE T T HANS IKET T YSTRE T USTRE WS YRF Q- “INETTREZF T T RESL

AnGLE

OF Yaw

0 DEU.

AMGLE OF ROLL

Ve nF "7 by
e HREC ___PSLA LpM/QURES CEY W ET/SEC ... .. PSIA. . 8lu=6. . K106 .ooereonnnes PY1A_.0EG W

0 Voue

MODEL LENGLTH 21351 INCHES

DL (V7

ST WREF BT/

poP

AUBIUILHM. SQFI-SEC.....___SQF]. SEC. B . PSlA
106 2079024 «00<31d HIe3  SSYY LieMT  Ta192 Se0414 Luocd?Y 00349 9341 _23%2 0,462F 02 18Ee)  +02839__.}0437 14,390
112 L07611¢ 2uncosT S2el  S703 1leed T,31H @ %999  4,8962 00371 BS99 26438 ©,723E 02 19244 .03002 o10136 . 13,91y
..... e LB DAYZ04 cQaldyn | Shen | S176 L1letu. _6.9%0 . L998213.8,0940 00391 L. F626 2503 .. 0.090E. 02, 192.8__,0315)....09822... 12,668 .
125 J0Oe94D LunlNLe N6,y S742. 1108 6,416 4e291) 77,8349 ,pu0s0l RNeS 2482 6,415€ 02 183.5 ,03234 L09ves0 11,851
PR T J 062050 .QUioEY . 96,y 5788 1lere.. 6,092 1. ’Qil-".‘Obto..nOﬁlh.“-_Tbél."ZSZZH.P.QIOE.02".162-5.-.03359“.‘09Zub_4,ll.dSl,
PRESSURE NATA ( PHESSLNE 7/ PUP )
TIME PHS PBlleda Prileds PH1S B2y .
""""" Y L L b 1 T b o0 1Y L O S
......... RVE . aT8841  oSGLTY | 20463 . ,56T08 (97876 . I e
L€ o T4420  oS4319 L 2BURh  LBE220 e THEd e cdaiscemesee sl e
129 273920 254412 427300 ,54809 ,475¢)
137 oTILTE  4H524d  L2HUYH  ,348cH L4764
T REAY TYRANSEF RN UATA TR T TR T o e S oo oo nr oo e e
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AEOC (AROv_INCe) ARNOLQ AFS, TENN. 37389_
] VON KARMAN GAS DYNAMICS FaCILITY
. : L HYPERSONIC wOTSHOT TUNNEL F e . . L
RUN 3661 NASA-STS TEST . i

HDAC= .0WO B _— e I
___JEST connIvlions  TEST GAS NITROGEN : Q=09 $T=0s AND_WREF_RAASED ON __.]132_ INCH RADIVUS __
ANGLE 0F ATTACK 404200 UEG, ANGLE of YAwW o0 DEG, ANGLE OF ROLL 0 OEG. MODEL LENGTH 21,351 [NCHES i
TTUYIME  P=INF AHO=INF  T-INF  U=INF M=INF Q=INF "RE/FT ~ RE-U " V=INF~ 7 20 7710 " TTHOTT TGO gTus  STO MREF BTUs  POP f
MSEC PSIa LBM/CU=FT DEG H FY/SEC PSIA  Xlg=6 X10=6 PSIA OEG R BTU/LBM SOFT=SEC SQFT sgc R PsSIa

: 60 136111 003573 99.5 5744 10.95 10,997 7.3380 13,0561 00272 7229 210} _S.737€_02__182.). _.0222) _.)117331__ 19.535
T4 J11R649 L002RS9 10Mea 5450 1050 9,156 5.6007 9.96%1 ,00310 6391 2282 6,197 02 188.,6 .02491 10827 16,891
86  <10990R 002413 108947 €436 10.45 8,321 5.0875 9,0520 .n0324 5756 2278 6,163E 02 17843 ,02602 <102K2 15,348
94 L100044 002373 110.) €472 10446 T.666 4.5551 8,177 ,00361 - 8395 2314 6.,251F 02 1748 .02740 .09855 14,138

o112 . 4092430 4002015 10he8  S41R 10452 6,380 3.9827 7.0863 .n0368 4656 2277 6.125F 02 154.7 .02958 +0990% 11,768
130 071990 001747 107.0 %407 10+48 5,507 3.4378 6,11€67 ,00395 4026 2276 6,101F 02 142.8 L0174 08231} 10,157

T PHESSURE AATAT ( PRESSLRET7 PGP )

TTiME T 7 PARS PB11.3A PHILLIAR | PBIS  PB20 . ) _
80 457359 L47169 ,239T1  L44BTS  ,35397 . ... —
T4 ,57688 .a7371 ,23642 ,65362 ,35307 : )
e B6  ,57758_ .47263 _.23504__.44R55.__.34594
94 «STTIS  L,46718  ,23646 44557 33979
w1120 057562 L46405  .23906  L63655 34113 : .
130 57743 46760 .24409 .43549 34336

TTTHEAT TRANSFER DATA (W / HREF)

TINE A3 083.5 LT 206 o8a aBeA  089.5 0811 08)1A  GBl18 G812 0813 QR148 0B15.5 0815.5C

.60 419173 21486 37870 ,34870 ,29032 .20395 .25821 24496 .26561 ,23891 ,21403 ,2294% .In7H] 22547 L27734

74 .20843 18822 ,19370 ,35395 ,2R984 ,1£139 .25315 ,24125 .26292 .22738 ,L21174 ,2309% .InaS2 ,L20965 .2h645

.86 L19AA7  L167R4 14378 33366 28490 L17570 424852 ,23411 .26607 ,22196 420376 423198 .31737 ,20644 425306

94 L2079 L169%6  (138RT 31977 ,23633 ,16912 ,L24646 20845 ,25432 ,218682 ,20278 ,L229%0 30975 .20107 .25705 ‘

X120 a3790) W16770 13757 .27522....23079. _ 09389 424299 ,22168 425725 _.21450_..19542 _,22684....3149B__,19540.-424530—.
130 420245 16953 ,14234  ,24555 ,27448 ,060S8 ,23233 ,21227 ,239%8 ,19756 .19072 .22018 .27896 ,1837h 23834

TIME 0B1S5.50 Q817  GQR]AE 0819 ~ QHI9R ~ 0B819A  0BiSA  GB190 QB8I9E ~ '0B21 ~ 0B218  0B2i0 ~ 0RA21E  QTs are

A~

60 31025 22970 235217  .25280 421577 421949 426380 426082 28809 .24090 17871 18879 427644 402704 02489 i
T4 «29449 423168 .32240 (23175 420320 422039 +264€7 23879 426812 423635 .167A4 15376 20526 402698 02548 i
e BE 027399 423654 W30046...422203 _.019012.. 422017 426205.._222119....426334._..22311. 416448 413589...¢19478....0278] ..e02628.... '
94 .27075% 423233 .30451 L21578 419758 ,21143 425042 27395 425190 .21208 16145 12563 .1AAS4  ,0270) 02558
L B12. «25269 423514 28510  .20526  «13759 420160 23579 20152 +25K15 420712 14927 +11528 17093 .02611 02495 ;
130 23566 422553 27890 J19RB8  L1RE3T  L18440 421556 .19136 .24998 18901 414339 .09874 416402 L02573 02487 i
TIHE . T 0Te QTac 0F11  ATI1a  aT11B QT15.5 QT1545A QT18.5C OWI5.5A Qa15e5R 0Tis  0OT1s8  QTi9C  QWiga  Owlgs i
60 . _sN)6%8  L00KAT. 00417 00159 __a00922 400572 _.00240._,00060 200065 __.00060.__.00298 _.00178.._.00164__,00130._.00192. ..
T4 +01442 00719 .00393 ,00)77 L,00944 400581 00231 ,0n061 .00068 .00064 .00301 400172 00150 ,00138 00166 '
_86 . L01481 ,L00727 .00346 ,00190 ,00978 ,00579 .00225 ,00065 .00071 .0006F .00319 ,L00171 .00157 _,00146 +00150 . |
96 401513 00714 .N0372 ,00207 L01005 00580 ,L00218 ,0n071 00070 00066 ,00417 400169 .00150 ,L001S3 .00138
.. 112 ..01687 ,00710 .00342 .00223 .0092% .00611 .00215 ,00070 400073 .00069 .00375 .00156 ,00130 ,L00159 00120
130 .01814 00718 L0031 ,00228 .00913 ,00637 ,00205 .00074 ,00077 ,00072 ,00415 400139 .00100 .00164 400110
I
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AEDC (AROs_INGCo) -ARNOLQ AFS TENNe 37389

VON KARMAN GAS OYNAMICS FaACILITY

~ s em—_. . WYPERSONIC WOTSHOT TUNNEL F . ~
RUN 3862 NaSa-SIS TEST
. . MDAC- DWQ U - [
TESt connIrions TFSY Gas NITROGEN : Q=0, ST-0, AND_HREF BASED _ON___+132 JNCH _RADIUS
ANGLE 0F ATTACK 454200 UFG, ANGLE oF vAw 0 OEG, ANGLE oF RoLL 0 DEG. MODEL LENGTH 214351 INCHES
T VIME  P=INF RMO=INF  T-INF  U-INF M=INF Q-INF RE/FT ~ RE-L . V=INF = PO 10 ~ " "w0 """ Q0 mTU/  §TO MREF @TU/  POP
. MSEC PSlA LBM/CU-FT DEG R FY/SEC PSIA  X1o-6 X10-6 . ._ . _ _PSIA DEG R B8TU/LBM SQFT=SEC SQFT SEC R 'Psla
70 _ 0042230 .001223  9n,2 5453 11452 3,919 2.8786_ 5.1218 00474 4431__2292 _6.159¢ 02_ 122,3_,0380S 206981 7,233
77 +01P631 001098 91,9 S50 11457 3.622 2.574A 4,9812 ,00504 4253 2358 6,334F 02 122.6 ,04041 .06747 6,085
L. 92 4036223 ,0009S1 99,95 5692 11445 3,322 2.1188 23,7699 ,00549 3823 2498 6.T16€ 02 129.4 04445 ,06607 6,134
105 ,03%203 .000821 112,0 9944 11427 3,129 146987 3,0224 .p0606 3483 2715 7.331€ 02 141.4 ,04B34 06593 5,782
e 114 4071241 4000495 119,01 6162 11433 2,R05 1.3010 2.4571 .0o0s73 3305 2901 T.876E 02 145.,7 .05278 Q6172 5,187
127 4079325 .000608 125,9 6290 11.24 2,594 11,1833 2,1054 ,q90722 3024 3015 8,211FE 02 148.4 ,.05642 05994 4,199

~____l§l__-OZEinlenQ5Qaﬁlltni___jjéﬂ_l1413__24931__1‘n1n1__l.121§_;ﬁnll&____21ﬁ2__3152__5.63QE_nZ__lSJ.&__.06021__.n561Q_.__i.502~

46"

L _YIME . PAS PA11.3 PRl1.3a Pall,3A PB20 _ _
70 «69375  ,56017 ,53769 ,26478 ,L44414
Tl 70643 455543 __.52843__.262R0_._.44097
92 «T1327 56376 52049 24782 ,L44977
=105 470288 ,56S17 ,53531 .27017 04962 _ __ .
114 «69314 L,57887 ,S4008 ,27562 ,L45670
_______ 127 «T0855 ,56783 ,564652 ,L27712 L46116 — e
137 «71060 455558 ,53328 ,27674 ,L,45890
HEAT TRANSFER UATA  (H /7 HREF)
TIME QR3  0B3.S PLTY 086 QR UBBA  QB9.S Q811 q811A 08118 QB2 Q813 0R14 08148  ©B15,.5
... .10 «20394  L14918  ,15271  ,20301 ,22262 ,.057S1 ,21058 ,2n649 ,22028 11407 .18219 ,L18886 ,19833 .,22963 .18732
. 77 «22795  (18S°1 17344 20648 22226  ,05592 ,L21026 ,19H10 22172 .15210 17741 ,19026 .19765 ,23226 .14330
92 W21962. ,18158._.16343 _,18069.__.19516.__, 05600 _,1B455__ 17741 . __ ¢0o0o0e__ J11807__,16008 ... n9wa0___ _gooen___Cones . 17094 .. ..
108 22951 418430 L1641) 16314 L1661R 05794 ,16204 14592 oeovee ,]004B ,15406 conaen ecaoe ceons ,lo822
- - 114 23306 18521 16492 156428 14617 ,06044 ,13115 _14538 oocces 09607 ,14896 ocooees eco00 _vepes 17092
127 0224H0 18126 16095 ,12630 L172632 ,06103 .09YS572 ,1p223 eoeae 09298 ,12472 asses doene caense L1587
137 «22187  ,18325 L161R1  ,10372 ,11309 ,06049 ,0M419 ,0R042 . ocece _(09488 ,09938 ecese _ cco®s _ cooes ,12332
_JIME 0915.5R OH15.58 CA15.5C 015,50 _0R17__ QBIAE___URBISR__0A19A _ 0A190__ OB1SE _  GR2) _ GR2iB __6A210 _ GR21E_. _ QTs
T0 021127 421297 ,20496 (22733 L2077 .254ET 417355 15847 +1A016 +2609% 18733 414063 13316 L18583 .02059
m e TT 421526 021966 020522 422207 420034 425062 <166FT . ,15922 17368 .23347 18248 _+13342 12484 L18343 .02028
92 secse  L206H8  L19]102 L19972 oec0d 22412 415269 . %0008 16277 .20939 *0%ocs  ,12335 411695 416317 01954
... ..10S | eoocee sesce  L17dAg L1RI1S. 9600 242711 414663 “eeo®  L,15799  ,195¢01 o8008 411767 +10R18 415122 +0i963
114 cvesd ®e000  L16500 15154 socen 16625 L134%9 ®coe® 14880 .16973 #8900  L113)] 10238 .12964 «01B4S
—— 127 feceQ 00088  ,1160] __,10248_ 29%°9 ,L12572 _410748__2090% 69247 ,11736__ 00968 _.10094.-206026__+0708¢ . +0185] ___.
137 todce  escae  ,08995 ,L09560 evse0 12086 +09282 coooe sevsae  ,10923 cacos oceae ecard  L05627 +01789
TTIME Q16 ars QrAac N1 QT11A  QTI18 OT15.5 QT15.58 NT1S.5C Q215454 Wd15.5R QT18  QT194a Q7198 QT19C
70 . .02124 ,01022 00595 ,00239 ,9018& .00847 ,00551 00071 .00051 .0009% .000R6 400229 .0n159 .00210 .0C148
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APPENDIX IV

SELECTED PLOTS OF HEAT-TRANSFER RESULTS

USING THE PHOSPHOR PAINT TECHNIQUE
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Note: These contours and model geometry are shown in the camera view. .

h\a&@st oh heat- x\nnu.ﬂnsa

refe messvrement on

~ Oﬁ\sus\n side of mode/

Run 3650
X = 20 deg e

3 -
\;* is the heat transfer rate to the
Stagnation point of a l-in diaeeter

vwn»uvwoqo n:pnnmnnnooa corrected to k&" \Q. w
& 0.132-in. nose radius,

\W««.\M m.\\«\Qa J s /136 msec.

ADC [A%0, INC) JUL 16 9N
ALNCLD AFS, TENN,  3738§

Calibration Semsitivity of N\%‘n 1s 0.002
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—- Paint Data Fairing .

. ® Gage Data (Opposite Side of Model
' from Painted Mwaov )
- - = 6 = 86
e x/2 .297 - x/2 ..3» - x/p 84 - x/2 864

b/breg owHMmuwn»ou
o1k ’ Sensitivity

S A

.5 1.0

1 ] 4
Z/Zmax z/2

max

Side Elevation Distributions

Run 3650, & = 20 deg, Reo,, = 6.1x106, M= 10.3

.The calibration sensitivity is the uncertainty in the fairing of the paint data.
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Note: These contours and model geometry are shown in the camera view.

HNeat- ¢ransfer-rate

.—.on is the heat transfer rate to the

tagnation point of a l-in diameter’
%Q\o Wm .m.\ hemisphere cylinder probe corrected to
a 0.132-in, nose radius,

Gorrom view

/ i = 70.4 . Calibration Sensitivity of .NNN.—.Q» is 0.03
Ao = ¢
m&b 29xr0 .
t= 1285 msec AC (20, INC)

£NILD AR TINNL 37209

AUG 4 1
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z .
ote: These contours and model geometry are shown in the camera view

~ oz¢ o o2 . :
Location ob fn.s.‘-uh@.|1on®
0.007¢ measvrement an opposite sadle of model

0.0/9
/ / / | 0.0074

0.00f8

£dpe of S.Q\Qt

Run 365/

N.o. n-nvovoun:nnunonn-»ononwo
stagnation point of a l-in diameter o= NOQ\\\

heaisphere cylinder onog corrected to
1

a 0.132-in. nose radius, , | . \,\ 0.6

Reys

AEDC (ARC, INC) .
ARNOLD AFS, TENN, 37388 JUL 16 BN

Calibration Sensitivity of N\N‘& is 0.00/3

%V\\Q\ tz/25 msec

30



— Paint Dat

O Gage Data
® Gage Data

a Fairing

(Same Side as Paint)
(Opposite Side from Paint)

03T u\b - ,297 T x/p = .452 x/p = .684 ™ x/g = .864
02 ' Calibration
°r Sensitivity [ - - B
b/hpes Ll o
.01f o T - ° - K/ : i
L 4
o
i j i | 1 d J .. J
0 .5 1 0 45 1 0 .9 1 0 .5 1
2] Zpax 2/ znax © o #2fax 2/ 2gax o
- The callbration sensitivity is the
Side Elevation Distributions - uncertainty in the falring of the
palnt data.
3} Xp =.452 u\xl .684 lx\h ...-‘.mma - X = .967 ~ Bottom Centerline
. . Calibration
2 1 - - - Sensitivity
W/t . o T
. . © - 0
L b—a e _ ®o
@ o 2o es : ~ © 00 05
09 0]
S T IS B | S S | PN U | itk A 4 . | - — 1 i W W— 1
0 1 0 1 0 1 0 1l .2 4 .6 .8 1.0
y/ Ymax ¥/ Ymax ¥/ ¥Ymax ¥/ Ymax x/, f}

Bottom Spanwise Distributions

Run 3651, oX = 20 deg Reg, = 9.9x10%, M, = 10.6

- -

* -



-

0.004/

Note: These contours and model geometry are shown in the camera view,

0.0/0
0.00%!

0.00/0

0.00%/
Heat-transfer: rode \.\n

. Calibration Sensitivity of N.\m.w& 1s 0.00/

Run 3652

TOP VIEW

. . St , X=
- fret 1a the heat tramsfer rate to the 20 \n‘

-nuw..-:ouvo»nnOn-_.up..n»!-onow
heamisphere cylinder probe corrected to R&h \Q.MW

a 0.132-1in. nose radius,

e, = 20x10°, t= 115 mee

AEXC {ARD, INC)
ATNGLS AF5, TENN. 37308 JuL 16 B



Note: These contours and model geometry are shown in the camera view,

0.0030"

Nl« is the heat transfer rate to the
stagnation point of a l-in diameter
henisphere cylinder probe corrected to
& 0.132-1in, nose radius,

~

® The Vertical fin was painted with a higher temperature-
range phosphor than the fuselage, and a relation between
m\ retf 8nd AD was obtained from the lab calibration
the paint ard its behavior relative to the calibration
of the paint used on the fuselage.

Run 3652 4 . /.

x= 20 lﬂw Calibration Seositivity of N.\N.\& 1s 0.00!
M= /0.3

Ren, = 9.0x/0°

tz /5 msec
AEXC AR, INZ) JuL 16 197§

ARNGID AFS, TENN, 3Ty

N'/\~
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Paint Data Fairing !

O Gage Data (Same side as paint)

x/g = .297 - x/g = .452 - x/g = .684 - x/g = .864
Calibration
LP Sensitivity
o]
1 : /] 1 - i 3
.5 1 0 .5 1 "0 .5 1l 0 .5
anmwx 2/ 250 x NVNM»M Nvuwvu
Side Elevation Distributions
L
. 02~ ‘Top Centerline . )
- Calibration
. . . m Sensitivity
ol \.f\\ - \
b/bres ’ : .
Canopy
1 i1 [ 1 1 I i A J ,
.2 .4 .6 .8 1.0
x4

Run 3652, o = 20 deg, Regmy = 9.0x10%, My = 10.3

The calibration sensitivity is the uncertainty in the fairing of the paint data,

.o

.,
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Note:
These contours and model geometry are mv01= in the camera view

0.0067

i1 . 0.0067 - N7 oozt \ |
QW ﬂ” \ \.‘ g #&n&ﬁ.ﬁh?“b&n ‘D\Q

_ _ 4.5&:&5.:.\. A
~- lh L8

me“:w .vw 74 sa‘tx

Run 3653

TJOP VIEW , ..
N o= 30 n\n\ Cslibration Sensitivity of N\uw& 18 0.0012
| W  Myp= r04 .
ref 18 th tt 1 te to th -
Jfrd 1o e nexe trinster TS Re, = 8.64/0% te/8 e
benisphere cylinder probe corrected to 7 ) :
a 0.132-in. pose radius, AED:
2 [ARD, INC) '—C—- Hm BN—

AINOLD AFS, TENN. 37306 '

a7



These contours and model geometry are shown in the camera view,

Nlm is the heat transfer rate to the
stagnation point of a 1l-in diameter
hemisphere cylinder probe corrected to
a 0.132-in0, nose radius,

& The Vertical fin was painted with 8 higher temsperature-
range phosphor than the fuselage, and a relation between
m\ ref 2and AD was obtained from the lab calibration

the paint and its behavior relative to the calibration

of the paint used cn the fuselage.

0.0040 N

Q. ooomi.....i.h.... ) lghbl ) b
o WJ AN ST
/S %\l\ S

S

oS

R SISO o ¥,
FT Ry A5

Run 3653
ex= 30 deg
Myp= 0. ¢

7y 0-0045 vy > ‘
R.O.O\N . 0.0/2

Calibration Sensitivity of N\N“am is

- ¢ =2+ msec

ALDC {ARD, INC)
ARHOLD AFS, TENN 37347

JUL 16 BN

0.00%¢ .

0.00/2

813



— Paint Data Fairing

o Gage Data (same side as paint)

,015_  x/g = .297 —~ x/g = .452 - x/g = .684
. Calibration
.01 L " L Sensitivity

h/hret
,005L - -
(0]

(0]
1 i | . : 1 .L 1 . |
0 .o 1 . 0 .9 1 0 .D 1
N%Nwwx : NVNwa . qumwx
Side Elevation Distributions
.03r Top Centerline
. ° o
_~
0]
.02 |r
Calibration
Sensitivit
h/href Iﬁ y
0l
anopy
| Il ll”l)%_ 1 i L ] 1 |
0 .2 .4 .6 .8 1.0
x4
Run 3653, o< = 30 deg, Rew, = 8.6x108, M, = 10.4

The calibration sensitivity is the uncertainty in the fairing of the vmwbw data.

89



00/0

Note: These contours and model geometry are shown in the camera view,

0.0

0.020

0.026
0.010
0.0/3 m.u//
0.026
.02
: oon
/. = 0.010 _
® Nm....&
Hoel- bransfer-mate gage. J
* Run ,W m M.* | Nx« La the heat transfer rate to the
| . - chmattod il ol LI SIS
ﬁ N\Q\ v/ r\ . Woﬂmmwwmﬂn.o“omo radius,
4 , X = /0dey _
. Mr05
Calibration Sensitivity of u\wp& 1s 0.0007 R .= 7.32/0° t=133 msec
- Q‘\b P .
£I5T (~20, INCY JuL 16 9n

ASMDID A, TEMN, 37389
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‘ Note: These contours and model geometry are shown in the camera view.
0.0/0

\IO. 0/6

91

0.0070
0.0/6

s’ : Pi \ \ \ . | | T
/ \ \\\a\o\m\m&m\ ,\ ?»\. 7 2 W% 0.0 , |
e -

/ / / YN "N\‘) :
L T I ey ey 2777 - .’A/ A .......!t
—_— -2
. R : Qo0/6
- Q0090 0.0070

. thot- Pronster-rate Jye
NZ« »-nvovo-nnnuuunonn-»onogo

stagnation point of a l.in diameter Rl \Qo
heaisphere cylinder probe corrected to -
Moo= /0.5

2 0.132-in. nose radius. o-:vn-:ou moam:::«.a N.\Nnnm 1s 0.0007
¢
\ﬂnahn 73x/0°  tz133msec

4732 {AR0, INC) . JUL 16 9N
AOLD ATE TENN. 37109



— Paint Data Fairing

o)

.03 x/p = .254
ﬁ L

Calibration
.02 F Sensitivity

u\sﬂmm

.01 -

AW

L ]

o ) .m Hio

Ly s
2/Zpax
Side Elevation Distribution

Run 3654, o¢= 10 deg, Regy,

Gage Data (Same Side as Paint)

Calibration
Sensitivity

X
T

Canopy ——, m
1 1 1 1 ] i 1 A 4 3
c .2 .4

. .6 .8 1.0

x&w

Top Centerline

= 7.3x10%, M, = 10.5

The calibration sensitivity is the uncertainty in the fairing of the paint data.
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Note: These contours gnd model geometry are shown in the camera view.

Calibration Sensitivity of N\N.non 18 0.03

. .n.on is the heat transfer rate to the
0D.21 tagnation point of a 1-in diameter
hemisphere cylinder probe corrected to
a 0,132-4n. nose radius,

018

Run 3655
Borrom VIEW

X = 30 vec

Mo = 10.3 e (ARO, INC)

ARNCL) AFS, TENK 37344

mme.h = &.mx.o.m .

AUG . 4 N71
tz /3¢ msee



Note: .These contours and model geometry are shown in the camera view,

0.0/

0.007/

o.o/
ﬁll

©.0038

0.007/
locetoon of heol-traasfer-rate
gope o oppasie side of model!

ﬁ- 0.007/
0.0038

\NQ ” .w 655 Calibration Sensitivity of N\m.im 1s 0.00/
» . :
et 1s the heat transfer rate to the . XK= 30 \m\.
stagnation point of a l.in diameter
henisphere cylinder probe corrected to -
a 0.132-1in, nose radius, . R§| \“.W

Reyy=#940°, ¢z 13¢ msec
ABDX (ARC, INC) JUL 16 911

ARNOLD ars, TENN.  373en
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.xmn - 452

== Paint Data Fairing

Gage Data (Same Side as Paint)
m»mm Data Aocmomwam Side from Mwwuﬂv

® 0

x/

864

4, o
z/2pax

Side Elevation Distributions

x/p = .297
021
Calibration
Sensitivity
h/bref lk.
01T
T
) i |
o .5 1
anvwx
.3 - X/g = .452 x/g =
2+ - o
U]
h/hres
9
-H ﬁl o
| SN S N S |
0 1l 0 1
Y/ Ymax Y/ Ymax

— X/p =

— 1
0 1

Y/ Ymax

.864 . x/ = ,967

| S T
0 1

Y/ Ymax

Bottom Spanwise Distributions
Run 3655, o¢ = 30 deg,

6
Rew,q = 4.9x10°,

e, ¢
z/Zpax N\Nawx

The calibration sensitivity 1s the ::oauom»:nu
in the- nw»d»:m of the palnt data.

. Bottom omnnmnwpnmﬂmu -
Calibration
o Sensitivity

95

(o]

M,, = 10,3

- -}



ilew,
in the camera Vv
ontours and model geometry are shown

Note: These C

docoling of Aeal-tronsfor-rote
Rye o2 cppeste sute of mock)

0.00%0

|/l\l‘ 0.00/0

/&\ S S\ e o -V Lyhe

0.0080
o,
/// S
.ooa/ 2 )
SRS )/M/ , /7 >~
> \\ ,
oo,
<\\
7

Run 3656

eat transfer rate to the &= \Qn\n\
stagonation poi

Jres 35 tho b

nt of a 1-in diameter
henmisphere ¢ylinder probe corrected to-

= /0
& 0.132-1n. nose radius, . \{Dv N
. .. \Nm!
%\W\ﬂm br calidradion of Pl contoyrg wey

reed of #: 70 msec dsace gogo A

Were mef avelafle of e ﬁk\t\‘
was taken,

AL (ARO, INC) :
ARNOLD Afs, TEny 373¢9

. Calibration Sensittvity of N? is 0.000p

. _
\u\B.N X0~ ,tz133 msec

JuL 16 W
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[ |

- Paint Data Fairing .

o Gage Data (Opposite Side of Model
from painted side)

W02 x/p = 297 | - x = 452 - Xy - .68  _ x/g = .864

’, » . r/ l, &
z/Znax 2/2gax . 2/zpax

Side Elevation Distributions
Run 3656, X = 10 deg, Rey,, = 10.2x105, M, = 10.2

The calibration sensitivity is the crnmnnwwanw in the fairing of the paint data,



~

Note: These contours and model geometry are shown in the camera view.

C.00%¢

00056

N\ .2 0.0036
Moot~ bransfer-refe e

XTI TIIIT I "’ «”//".“‘ -— Shu.«tl‘.\\v
R i‘ ......
. 0.0096
0.026
m 0s2
0.02
0.005¢ ©
‘ 00058 ) . . .
. Calibration Sensitivity of 2/ ,is 0.00/}
Run 3657 35
: . L . ) 7O0P vIEW
e ) OX= £Odep
[ reé _
D e e the beat eruster un,ﬁ.: Myp=/OF |
| R e aaua ot v o y
. a o _ .
o R : '€, 4~ 2F 0% ,t:z18 msec
AEDC 1ARD
PrevSa e JUL 16 on

AFS, TENN, UNHG‘
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"Note: ¥ :
e: These couatours and !x—.m goometry are shown ia the casera view

fot s s e ox= FOLy
aemisphare cylinder probe corrected to o .
a 0.132-in, Rose radius. . ﬂ . | \v\en /0.4 .
° . . . - - - “ .
RS Rey = 74210 , ¢ 118 mec

(ANND arg, TENN Irven

Ron 3657 | cowestis smstssniy ot fip g s 0001



— Paint Data Fairing
o Gage Data (Same Side %.m Paint)

.03r x\h = ,254 r x/g = .452 -
Calibration
Sensitivity . Calibration
l*l . Sensitivity
. 02} . -
. o . o F
b/bref Iﬂ.
.01 o) . i B
l '
|I|\/ / S
. 1 -. |8 J Lt
0 .S 1l 0 .5 1 ‘
2/ Zpax : Ns\Nm.wu .
Side Elevation Distributions Top Centerline

Run 3657, X = 40 deg, Rey, , = 9.4x10%, M = 10.4 o
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sensitivity is the uncertainty in the fairing of the paint data.

6 M, = 10.5



Note: These contours and model geometry are shown in the camera view,
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Note: These contours and model éeometry are shown in the camera view,
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Run 3661, c<~ 40 deg, Rep, = 6. 1x10%, M, = 10.5

The calibration sensitivity is the uncertainty in the fairing of the paint awnw.



Note:

These contours and model geometry are shown in the camera view,

Fres 1 the heat transfer rate to the
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N.non is the heat transfer rate to the
tagnation point of a 1-in diameter

’ hemisphere cylinder probe corrected to
a 0,132-in, nose radius,
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Note: .—.wom.o contours and model geometry are shown in the camera view,

0.2

Heal-trans fer-rate

or 4 D\“l | . ‘b\ﬂ- NER-““-“ ate

Neol- troaster-rote page

ref is the heat :.vunmow. -..nv_”o »M the
- . %Stagnation point ot 2 l-in diace er
\Nu\\n w%m* hemisphere cylinder probe corrected to
mﬁﬂ.ﬂ.ﬁz VIEW a 0.132-in, nose radius,

, o= 50 deg
L \'\ouu 10.¢ _

Calibration Sensitivity of £/g'rer 18 0.03

6
= A
Reyi= 50110
1= /32 msec - n-!nronﬂ-ma.zwgz 37309

AU 4 9n

112



-Note:

These contours and model geometry are shown in the camera view,
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—— Paint Data Fairing -
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The calibration sensitivity is the uncertainty in the fairing of the paint data,




Note: These contours and model geometry are shown in the camera view,
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The 0wwwvuwn»ou sensitivity is the uncertainty in the mwwnwnn of the paint data.
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